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Introduction ………….. 

Chapter-1  INTRODUCTION  

 

Rice (Oryza sativa L.) is a plant belonging to the family of grasses, gramineae 

(Poaceae). It is one of the three major food crops of the world and forms the staple diet of 

about half of the world’s population. India has a long history of rice cultivation. Rice is the 

major source of calories for more than half of the global population. It contains 6-12% protein, 

70-80% carbohydrate, 1.2-2.0% mineral matter and significant content of fats and vitamins. 

Rice supplies 23% of global human/ capita energy and 16% of per capita protein requirements. 

The geographical distribution of rice extends from 39
0 
N latitude (Australia) to 45

0 
N latitude 

(Japan) and 50
0 

N latitude (China). In India, it stretches from 8
0 

N latitude to 34
0 

N latitude.  

Globally, it stands first in area and second in production, after China. It contributes 21.5 

percent of global rice production. India produces 106 million tons of rice (Anonymous, 2013). 

Rice is grown in all the states in the country. It is cultivated over an area of 45.54 million 

hectares which account for 23.25 per cent of the gross cropped area and 37.08 per cent of the 

area sown to food-grains. Rice production contributes 42.30 per cent of the total food-grain 

production in the country, continues to play a vital role in the national food basket and 

livelihood security system. India is one of the leading exporters of rice, particularly basmati 

rice. The state of West Bengal ranks first in area and production of rice. Punjab has the highest 

productivity in the country. The major rice growing states are West Bengal, Uttar Pradesh, 

Andhra Pradesh, Punjab, Tamil Nadu, Orissa, Bihar & Chhattisgarh. These states contribute 

about 72% of the total area and 76 % of the total rice production in the country. There is a wide 

variation in the productivity at State level. The states namely Andhra Pradesh, Goa, Haryana, 

Karnataka, Kerala, Manipur, Punjab, Tamil Nadu, Tripura, West Bengal having productivity 

above the national average. 

India was one of the first country to start academic studies on hybrid rice. The Indian 

Council of Agricultural Research established a goal-oriented network project on hybrid rice in 

1989, and this has received further support from the United Nations Development Programme 

(UNDP) and (Food and Agriculture Organization) FAO since 1991. The project is now being 

operated as a well-organized national research network with 12 centers across the country and 

the Directorate of Rice Research in Hyderabad acting as coordinator (Paroda and Siddiq, 

1996). The situation for the development and commercialization of hybrid rice in India is very 
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encouraging. Between 1990 and 1996, more than 700 experimental hybrids were developed 

and evaluated, and the yields of over 100 combinations exceeded that of the best traditional 

variety by more than 1 tone/ha. Several hybrid varieties have been released for commercial 

cultivation. The yield advantage of these hybrids over check varieties ranged from 16.2 to 44.2 

per-cent. At present hybrid rice is reported to be grown in approximately two lakh hectares. 

Area under hybrid rice will further increase after heterotic hybrids suitable to high productivity 

areas of Punjab, Haryana, coastal region of Andhra Pradesh and for shallow low land areas are 

identified and an effective transfer of technology is taken up vigorously in the target states 

(Viraktamat, 2010). 

In fact, the hybrid rice research was initiated in 1964 (Yuan, 1966). The genetic tools 

essential for breeding hybrid rice varieties are as the male sterile line (A-line), maintainer line 

(B-line) and restorer line (R-line) were developed during 1973 (Yuan and Virmani, 1988). 

The breeding methodology involves the three approaches (a) Three line method or CMS 

system which is possible and has been found to be most effective genetic tool for developing 

hybrids, (b) Two line method or TGMS, PGMS and PTGMS system which is governed by 

environment and (c) One line system or apomictic system which would enable farmers to use 

their own seed for the successive crops without experiencing genetic segregation. However, 

the evolution and wide application of these latter two innovative approaches are not likely to 

occur in future. Among these, three line approach is being widely adopted in India and had 

fruitfully resulted in the development of more than thirty five varieties of rice hybrids. The 

CGMS is essentially CMS with a provision of fertility restoration by nuclear gene(s). Hence, it 

is also referred to as CMS system. The role of cytoplasm in causing male sterility in rice was 

reported long back in fifties and the first usable cytoplasmic male sterility-fertility restoration 

system in rice was developed by substituting genes of japonica variety-Taichung 65 into the 

cytoplasm of the indica variety Chinsurah Boro II (Sampath and Mohanty, 1954). However, 

this could not be exploited for commercial hybrid seed production probably due to strict self- 

pollinating nature of the crop. The first commercially usable CMS line was developed in China 

during 1973 from spontaneous male sterile plant isolated in a population of the wild rice Oryza 

sativa of spontanea on Hainen Island. Discovery of the source, designated as wild abortive 

(WA) type is considered a landmark in the history of hybrid rice. 

The success of hybrid rice is based on the important findings of some key genes. 

The wild abortive cytoplasmic male sterility (WA - cms) was found in a spontaneous 
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mutant of wild rice Oryza sativa f. spontanea in 1970 (Cheng and Yuan, 1980). Its 

maintainer gene was present in most of the Chinese varieties and restorer gene in most 

IRRI varieties. These findings led to the development of the first batch of three line 

hybrids of rice. The WA – cms has become the most employed system in development of 

rice hybrids (Virmani and Edward, 1983; Yuan, 1998). 

The important tool for hybrid seed production is Environment-sensitive genic male 

sterility system (EGMS), controlled by nuclear gene expression, which is influenced by 

environmental factors such as temperature, day-length, or both. This male sterility system was 

first observed in pepper by Martin and Crawford in 1951 and subsequently in different crops. 

Advantages of the EGMS system, in that there is no need of a maintainer line for seed 

multiplication, thus making seed production simpler and more cost-effective. Since fertile line 

can be used as a pollen parent (PP); the frequency of heterotic hybrids is higher among two-

line hybrids than among three-line hybrids, thereby increasing hybrid breeding efficiency. 

Negative effects of sterility-inducing cytoplasm are not encountered. The EGMS trait is 

governed by major genes, thus enabling their easy transfer to any genetic background and thus 

increasing diversity among the female (EGMS) parents which helps in reducing potential 

genetic vulnerability among the hybrids. Since there is no need for restorer genes in the male 

parents of two-line hybrids, this system is ideal for developing indica/japonica hybrids because 

most japonica lines do not possess restorer genes. 

The discovery in 1973 of Nongken 58 S, a PGMS/TGMS japonica rice line (Shi, 

1981; 1985), provided the first genetic source for the development of two-line system in 

hybrid rice. The major feature of such PGMS/TGMS lines is that, under longer day length 

and higher temperatures they show complete pollen sterility and they can be used for 

hybrid seed production, while under shorter day length and moderate temperatures they 

show almost normal fertility, this period can be used for their multiplication. In 1987, 

China initiated a collaborative research project involving the exploitation of PGMS/TGMS 

lines to develop two-line system rice hybrids. 

Line × Tester cross is a technique which covers all the above features efficiently. This 

technique was developed by Kempthorne in 1957. It is one of the best approaches for 

screening the germplasm on the basis of GCA and SCA variances, and effects. The total 

number of crosses to be made is equal to the product of the number of lines and the number of 
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testers included in the study. These progenies resulting from line x tester mating, along with or 

without the parents, can be tested in a replicated trial using suitable field design (Comstock 

and Robinson, 1948).  

Heterosis is expressed in three ways, depending on the criteria used to compare the 

performance of a hybrid (Gupta, 2000). These three ways are mid-parents heterosis (the 

performance of a hybrid compared with the average performance of its parents), better parent 

heterosis or heterobeltiosis (the performance of a hybrid compared with that of the best parent 

in the cross) and standard heterosis (the performance of a hybrid compared with high yielding 

variety in the region). From a practical point of view, standard heterosis is the most important 

of the two other levels of heterosis because it is aimed at developing desirable hybrids superior 

to the existing high yielding commercial varieties (Chaudhary, 1984). 

Among the various types of molecular markers available, microsatellite have recently 

received greater attention, especially for breeding purposes. Microsatellite markers, also known 

as simple sequence repeats or SSRs (Litt & Luty, 1989; Weber & May, 1989) are clusters of 

short (usually 2 to 6) tandem repeated nucleotide bases distributed throughout the genome. 

Microsatellite markers are in general co-dominant, multiallelic, and highly polymorphic genetic 

markers. Microsatellite allele typing requires small amounts of DNA for straightforward PCR 

and gel electrophoresis analysis (Rafalski et al., 1996). Its main disadvantage is the high cost of 

the initial investment necessary for marker development. However, the number of microsatellite 

markers available for a model species such as rice is high, and advantage can be taken of this 

technology in rice genetic research. Hundreds of microsatellite markers have been physically 

mapped in the rice genome and can potentially be used, as anchor markers, for comparative 

genetics, trait mapping and gene isolation. 

Mapping of TGMS loci has been based mostly on the assumption of a simple 

genetic control of the trait. For this purpose, plants in a segregating population have been 

classified in one of two classes, either sterile or fertile (Subudhi et al., 1997; Dong et al., 

2000; Reddy et al., 2000). It should be noticed that the pollen sterility of segregating 

populations, derived from crosses between TGMS and fertile lines, does not follow a 

simple binary distribution. Attempts should be made, therefore, to map TGMS QTL using 

the percentual of sterile pollen measured in the segregating population, rather than 

classifying the lines in only two categories (male sterile or fertile). 
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Oryza sativa is composed of two major subspecies, Indica and Japonica (both tropical 

and temperate) and several ecotypes. Several efforts have been made to assess the genetic 

diversity within Oryza sativa at both phenotypic and molecular levels. To estimate genetic 

diversity among Oryza species, several types of molecular markers, particularly simple 

sequence repeats (SSR), have been used (Yu et al., 2003; Hashimoto et al., 2004; Garris et 

al., 2005; Thomson et al. 2007; Wen et al., 2009; Ishii et al., 2011, Zhang et al., 2011). 

Polymorphisms in the SSR region are considered the results of different replications of 

repeated sequences, resulting in different sizes of the PCR products. However, alleles with 

different sequences but having the same length may yield ambiguous results of the 

phylogenetic analysis. Sequencing SSR products can provide clear information on the 

evolutionary history of these loci (Sunnucks et al., 2000; Provan et al., 2004). Alternatively, 

single stranded conformation polymorphism (SSCP), a simple and rapid method to determine 

sequence variation in a large number of samples without expensive direct sequencing, was 

proposed to use for genotyping and mapping genetic diversity in crop plants (Kuhn et al., 

2008). SSCP is a very sensitive technique for the detection of single point mutations between 

different DNA fragments (Grieu et al., 2004; Muangprom et al., 2005). Recently, SSCP has 

been used in crop studies, such as marker assisted selection (Borchert and Hohe 2009), 

comparative genomics (Castelblanco and Fregene 2006), phylogenetics (Rousseau- 

Gueutin et al., 2009) and fitness effects of crop QTLs (Baack et al., 2008). Furthermore, the 

recent availability of rice genome sequences provides the opportunity to select 

genes/sequences distributed in the genome as SSCP markers. 

      

In view of the above, the present investigation was undertaken with the 

following objectives-             

1. Determination of the critical sterility and critical fertility temperature for the different 

TGMS lines 

2. Evaluation and characterization of TGMS lines based on morphological traits and 

molecular markers  

3. To estimates the nature and magnitude of heterosis among set of crosses 

4. To estimates the nature of gene action and combining ability of TGMS lines and 

crosses for yield and other yield contributing traits.  
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Chapter-2 REVIEW OF LITERATURE  
   

Rice, being the socially and economically most important food crop of the world 

from ancient times, has been thoroughly studied and well documented. An attempt has 

been made to review relevant literature related to the following aspects.  

2.1   Male sterility system in rice  

2.1.1 Cytoplasmic male sterility (CMS) 

2.1.2 Environment sensitive genic male sterility (EGMS) 

         2.1.2.1 Photo-period sensitive genic male sterility (PGMS) 

                    2.1.2.1.1 Development of PGMS lines 

                    2.1.2.1.2 Genetics and breeding behavior of PGMS lines  

         2.1.2.2 Thermo-sensitive gentic male sterility (TGMS) 

                     2.1.2.2.1 Development of TGMS lines  

                     2.1.2.2.2 Genetics and breeding behavior of TGMS lines  

                     2.1.2.2.3 Evaluation of TGMS Lines for critical sterility temperature 

and critical fertility temperature and other traits. 

2.2   Combining ability analysis of parents and crosses  

2.2.1 Studies involving pure lines 

2.2.2 Studies involving male sterility systems  

2.3 Nature and magnitude of heterosis  

2.3.1 Heterosis in intra-subspecfic crosses  

2.3.2 Heterosis in inter-subspecific crosses  

2.4 Molecular characterization of TGMS lines with SSR markers 

2.1 Male sterility systems in rice  

      2.1.1 Cytoplasmic male sterility  

 The role of cytoplasm causing male sterility in rice was first reported in 1954 

(Weeraratne, 1954; Sampath and Mohanty, 1954). 
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 Kastuo and Mizushima (1958) observed male sterile plants for the first time in 

the progeny of the first backcross of Oryza sativa f. spontanea/O. sativa Fujisaka-5. 

 Shinjyo and Omura (1966) from indica × japonica crosses developed the japonica 

CMS line (nuclear donor, Taichung 65) with indica cytoplasm (Chinsurah Bora II). 

 Athwal and Virmani (1972) developed a cytoplasmic male sterile line at the 

International Rice Research Institute by substituting nuclear genes of indica rice variety, 

Taichung Native 1 with Pankhari 203. 

 In China, the first cytoplasmic male sterile line was developed in 1973 for the 

production of commercial F1 rice hybrids from a sterile plant (wild abortive) occurring 

naturally in a wild rice population (Oryza sativa f. spontanea or O. perennis) on Hainan 

Island in 1970. 

 Virmani et al. (1981) suggested possibility of commercial exploitation of 

heterosis in rice by the use of cytoplasmic male sterility restoration system and that 45% 

outcrossing was sufficient to produce bulk quantity of hybrid seed.  

 Rong-quin (1989) reported CMS line BOA with a very high out-crossing rate 

(80-85%) and seed yield up-to 4.5 t ha
-1

 have been obtained.  

 Pandey et al. (1992) evaluated 13 WA-CMS lines for adaptability and stability 

for pollen sterility under sub-humid tropic conditions of western UP in northern India. 

Several stable CMS lines were identified with varying duration and plant type. The CMS 

lines V 20A, IR 58025A, PMS 1A, PMS 2A, PMS 8A and PMS 10A showed complete 

pollen sterility and almost 100% spikelet sterility.  

 Serial and Singh (2001) testcrossed 27 aromatic lines plus 18 non-aromatic and 

disease resistant types with four cytoplasmic male sterile lines, IR 58025A, IR 62829A, 

PMS 3A and PMS 10A. Thirteen aromatic and 10 non-aromatic lines were selected based 

on pooled fertility and crosses were reported to confirm maintenance of sterility and 

fetility restoring ability. Genotypes were categorized as affective (>80% spikelet fertility), 

partial restorers (21-79% spikelet fertility) and maintainers (<1% spikelet fertility). The 

basmati restorers obtained were higher for non-aromatic type. The performance of 

restorers varied with CMS lines, locations and seasons of testing. The differential ability 
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to restore fertility in the CMS-WA lines could be because of different nuclear 

backgrounds of the CMS lines.  

 Vanaja et al. (2003) identified cytoplasm of vytilla 3, an improved saline tolerant 

variety of Kerala as a new source for cytoplasmic male sterility in rice (Oryza sativa L.) 

suitable to warm humid tropical climatic conditions experienced in the rice growing tracts 

of the world. This is a breakthrough in hybrid rice production in this country. The 

varieties IR 36 and Hraswa (an extra short duration variety of Kerala) are the proposed 

maintainer lines and a variety of Mattatriveni is the proposed restorer line. 

 Ingale et al. (2004) evaluated newly developed 20 CMS lines of rice (Oryza sativa 

L.) derived from five different sources of cytoplasm for agronomical traits viz., days to 50 

percent flowering, plant height (cm), number of tillers per plant, panicle length (cm), panicle 

exertion (%) and number of spikeletes per panicle and their floral traits viz., angle of floral 

opening, stigma exertion (%), blooming duration (days), duration of floret opening (min), 

anthesis duration, pollen sterility (%) and outcrossing (%) with standard check CMS line IR 

58025A. Four CMS lines viz. RTN-2A, RTN-11A, RTN-14A and RTN-13A were of early 

duration and rest of the 16 lines were of medium duration (91-106 days). The CMS lines 

exhibited significantly maximum values in RTN-19A (plant height), RTN-9A (productive 

tillers per plant), RTN-17A (panicle length), RTN-18A (per cent panicle exertion), RTN-5A 

(spikelets per panicle), RTN-10A (blooming duration, outcrossing per cent and angle of floret 

opening), RTN-11A (stigma exertion per cent), RTN-2A (duration of floret opening), RTN-

7A (duration of anthesis), RTN-12A (outcrossing per cent)  and RTN-3A, RTN-12A, RTN-

16A, RTN-18A (100% pollen sterility) for various characters. Out of 20 CMS lines, 7 CMS 

lines viz., RTN-10A, RTN-9A, RTN-18A, RTN-7A, RTN-12A, RTN-3A and RTN-16A 

were found promising for almost all agronomical and floral traits under study. These 

promising CMS lines showed overall excellent phenotypic acceptability and could be used 

for development of new hybrid rice combinations.    

 Ingale et al. (2005) identified 47 effective restorers and 41 maintainers among 188 

genotypes for six cytoplasmic male sterile (CMS) lines in a study conducted in Maharashtra, 

India during 2001-02. The maximum maintainers were observed for COMS-9A line (50) 

followed by IR 68888A (27%), IR 58025A (9%), PMS-5A (9%) and PMS-10A (19%). The 

maximum effective restorers were observed for IR-58025A (32%) followed by PMS-5A and 
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IR-62829A (25%), IR 68888A (24%), COMS-9A (16%) and PMS-10A (14%). The average 

proportion of maintainers, partial maintainers/partial restorers and effective restorers was 

22:54:24 in these crosses. The identified restorers and maintainers could be utilized for future 

development of new rice hybrids and CMS lines, respectively.  

Mahalingam A. et al. (2013) studied the genetic parameters and association among 

the floral traits of CMS lines and identification of parental lines having potential outcrossing 

ability for hybrid seed production. Among the five CMS lines and fifty one tester lines studied 

for eleven floral traits, CMS line COMS 23A registered higher mean value for style length, 

breadth and panicle exsertion. The genotype COMS 24A had greater stigma breadth, while 

COMS 25A had long style with good stigma length and breadth. All the CMS lines had above 

99.50% pollen sterility. Analysis of variance revealed significant differences among the CMS 

lines for all floral traits studied. High heritability coupled with high genetic advance as percent 

of mean was recorded for five traits viz., anther length, stigma length, style breadth, glume 

opening angle and stigma exsertion rate suggesting the improvement of these characters 

through simple phenotypic selection. Association analysis of floral traits in the CMS lines 

revealed that glume opening angle had strong positive and significant association with stigma 

exsertion rate. Stigma length had positive non – significant association with stigma exsertion 

rate. No association between anther size and pollen fertility or spikelet fertility in tester line 

could be established. Out crossing will be higher in seed production of hybrids resulting from 

any of the four CMS lines viz., COMS 23A, COMS 25A, CRMS 31A and CRMS 32A since 

each CMS line had some of the desirable floral trait. COMS 23A and COMS 25A had 

desirable stigma characters, while CRMS 31A and CRMS 32A had desirable glume opening 

angle which is highly associated with higher out crossing rate.  

Huang et al., (2014) the exploitation of male sterility systems has enabled the 

commercialization of heterosis in rice, with greatly increased yield and total production of 

this major staple food crop. Hybrid rice, which was adopted in the 1970s, now covers 

nearly 13.6 million hectares each year in China alone. Various types of cytoplasmic male 

sterility (CMS) and environment-conditioned genic male sterility (EGMS) systems have 

been applied in hybrid rice production. In this paper, recent advances in genetics, 

biochemistry, and molecular biology are reviewed with an emphasis on major male 

sterility systems in rice: five CMS systems, i.e., BT-, HL-, WA-, LD- and CW- CMS, and 

two EGMS systems, i.e., photoperiod- and temperature-sensitive genic male sterility 
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(P/TGMS). The interaction of chimeric mitochondrial genes with nuclear genes causes 

CMS, which may be restored by restorer of fertility (Rf) genes. The PGMS, on the other 

hand, is conditioned by a non-coding RNA gene. A survey of the various CMS and EGMS 

lines used in hybrid rice production over the past three decades shows that the two-line 

system utilizing EGMS lines is playing a steadily larger role and TGMS lines predominate 

the current two-line system for hybrid rice production. The findings and experience gained 

during development and application of, and research on male sterility in rice not only 

advanced our understanding but also shed light on applications to other crops. 

2.1.2 Environment sensitive genic male sterility (EGMS) 

 Sexuality in higher plants is a delicate and fragile system susceptible to the 

influence of genes (nuclear and cytoplasmic), chemicals, environment and their 

interactions. Among environmental factors temperature is a predominate factor influencing 

the male sterility gene followed by the photoperiod (Kaul, 1988). 

Shi (1981) reported the Hubei PGMS, many lines with pollen fertility alternations 

were identified. Some of these were spontaneous mutants, while others were developed by 

irradiation breeding (Maruyama et al., 1991) or selected from the segregating generations 

following hybridization.  

2.1.2.1 Photoperiod sensitive genic male sterility (PGMS) 

           2.1.2.1.1 Development of PGMS lines  

 In 1973, Shi Mingshong found a male sterile plant in the field of japonica rice 

cultivar Nongken 58 in Hubei Province of China (Shi, 1981). Plant appeared male sterile 

when flowered under long day length and male fertile when flowered under short day 

length conditions. The degree of male sterility was 99-100% at heading under artificial 

light of more than 14 hours but plants were male fertile under artificial light of less 4than 

13 hrs 45 min (Lu and Wang, 1988). This mutant was designated as Hubei-photo 

sensitive genetic male sterile rice (PHGMS) and this male sterility was controlled by single 

recessive gene (Lu and Wang, 1988; Jin et al., 1988). 

2.1.2.1.2 Genetics and breeding behaviour of PGMS lines  

 Wang et al. (1990) studied the photoperiod conditioned male sterility and its 

inheritance in rice. The photoperiod sensitive stage proved to be chiefly that of the stamen 

and pistil primordial and secondly that of panicle branch primordial and meiosis of 
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microsporocytes. It also appeared that the photoperiod sensitive in variety Nongken 58S in 

controlled by a single gene. 

 Yuan et al. (1993) reported two kind of photoperiodic reactions operating 

simultaneously in growth and development of PGMS lines. The first photoperiodic 

reaction (FPR) either accelerated or delayed panicle differentiation and heading both and is 

common to all rice lines. The second photoperiodic reaction (SPR) is novel and determines 

whether the pollen will be sterile/fertile. SPR is controlled by one/two pairs of gene and is 

inherited independently of the genes that modify the FRP. 

 Zhang et al. (1994) reported that pollen fertility of PGMS line is regulated by the 

photo period being sterile at long days and fertile at short days. The critical values of the 

day length and temperature varied as the PGMS gene(s) were transferred into different 

genetic backgrounds.  

2.1.2.2 Thermosensitive genic male sterility (TGMS) 

           2.1.2.2.1 Development of TGMS lines  

   Chinese scientists developed a number of TGMS lines. S1 found in Hunan, showed 

sterility under high temperature. Its critical temperature is 27°C (Tan et al., 1990). The 

lines 5460S and R 59TS were developed in Fujian and showed fertility under 27/22°C but 

sterility under 33/28°C (Sun et al., 1989). 

 Maruyama et al. (1990, 1991) reported a thermo sensitive genic male sterility 

(TGMS) mutant induced by 20 kr of gamma rays in Japanese variety Remei. The mutant 

designated as H 89-1 named as Norin PL 12 exhibited no seed set under 31/24°C, partial 

fertility under 28/21°C and complete fertility under 25/18°C. Pollen sterility in mutant was 

not changed by the change in day length. They also studied the inheritance of thermo-

sensitive genic male sterility and concluded that thermosensitive genic male sterility of H 

89-1 was controlled by a single recessive gene.  

 Pandey et al. (1998) identified a new spontaneous TGMS line, UPRI 95-140 TGMS 

and studied its agronomic worth and nature of fertility sterility transformation. The line showed 

semi-dwarf plants with erect flag leaf and good yield potential. Male fertility transformation 

occurred in it before May 1 in dry season (DS) and August 12 onwards in wet season (WS) 

under Pantnagar conditions. Spikelet fertility recovery more than 40 per cent in both the season 
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was indicated. A long period of complete sterility of 104 days suitable for hybrid seed 

production was observed. The 15 day thermo sensitive temperature (15 dtt) for complete 

sterility was 27.1°C (DS) to 28.7°C (WS) and for optimum fertility it was 21.8°C (DS) to 

26.2°C (WS). Line has shown potential for exploitation in hybrid breeding.  

 Li and Pandey (1998) developed a new thermosensitive  genic male sterile line, 

UPRI 95-167 TGMS using in vitro unpollinated ovary culture technique from F1 of a cross 

between UPRI 95-140, a donor of TGMS and UPRI 95-117, an indica rice with good grain 

quality. This line combined long slender grain similar to male parent and had the feature of 

spikelet fertility transformation closely correlated to mean maximum daily and mean 

average daily temperature of the 15 day thermo sensitive stage, five days prior to the 

heading. It exhibited complete pollen sterility between May 1 and September 5 and 0.5 to 

12.3 per cent and 0.5 to 41.5 per cent seed set between September 1 to November 1, 1995 

and March 10 to April 17, 1996, respectively in north Indian conditions.  

  Thiyagarajan K. (2010) Two-line breeding in exploitation of thermo-sensitive 

genic male sterile system is pursued with the objective ofdevelopment of hybrids with high 

heterotic potential. A total of 66 new TGMS lines were developed and screenedunder 

sterility favoring environment for tgms gene expression during summer and sterility 

limiting environment duringwinter at Paddy Breeding Station, Coimbatore for the past five 

years. Out of 66 TGMS lines, 15 lines showed stableperformance and seven TGMS lines 

viz., COTGMS 02, COTGMS 07, COTGMS 10, COTGMS 11, COTGMS 12, COTGMS 

13 and COTGMS 15 were completely pollen sterile throughout the summer period. These 

lines had widersterility expression period with very good floral traits viz., higher pollen 

sterility per cent, panicle and stigma exsertionper cent, wider glume opening favorable for 

enhanced out-crossing rate and seed set percentage during seed production. 

2.1.2.2.2 Genetics and breeding behaviour of TGMS lines  

  Wu and Yin (1992) studied the genetics and sterility fertility transformation of thermo 

sensitive genic male sterile lines Annong S1, Hengong S1 and W 615S. All the three lines 

showed stable fertility transformation and the genes responsible for fertility were thought to be 

non-allelic. Fertility in Annong S1 and Hengong S1 was controlled by two pairs of recessive 

genes while that in W 6154S, it could not be adequately ascertained. The genetic background 

influenced the expression of genes responsible for fertility in W 6154S and Annong S1. 

http://journaldatabase.info/database/search.html?search_type=Author&search_inp=K.%20Thiyagarajan,%20S.%20Manonmani,%20D.%20Malarvizhi,%20S.%20Robin,%20R.%20Pushpam%20and%20K.%20Mohana%20Sundaram
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 Zhang et al. (1996) grew two TGMS lines Pei-ai 64S and GD2S in green house 

from January to May 1995. The mean daily temperature was 23°C at fertility alteration 

sensitivity stage of TGMS lines. After heading pollen fertility and seed setting rates were 

monitored. They found 50.7 per cent seed set in Pei-ai 64S with mean individual plant 

yield of 3.5 g and suggested seed multiplication in the green house in winter in successful 

and is a better way to reproduce TGMS lines at low critical temperature.  

 Borkakati and Virmani (1994) studied the inheritance of TGMS trait of mutant 

IR 32364 TGMS and its allelism to tms 2 gene in Norin PL 12 on chromosome 7 and 

found that the mutants. Both the genes were non allelic to each other and therefore, the 

new gene in IR 32364 TGMS was tentatively designated as tms 3 (t). 

 Subudhi et al. (1997) mapped a TGMS gene, tms 3 from the F2 population of the 

cross between TGMS mutant line IR 32364 TGMS and IR 68. Fertile and sterile bulks were 

constructed following the classification of the F2 plants into true breeding sterile, fertile and 

segregating fertile plants based on F3 family studies. From the survey of 389 arbitrary 

primers in the bulk segregant analysis, four RAPD markers were identified, in which three, 

OPF 18-2600, OPB 19-750 and OPAA 7-550 were linked to tms 3 gene in repulsion phase 

and one, OPAC 3-640 was linked to tms 3 gene in coupling phase. The tms 3 gene was 

flanked by OPF 18-2600 and OPAC 3-640 on one side and OPAA 7-550 and OPB 19-750 

on the other side. OPAC 3-640 was mapped to the short arm of chromosome 6 using a 

mapping population available at IRRI. However, no RFLP marker from this region showed 

linkage to tms 3 gene owing to the lack of polymorphism between the parents.  

 Reddy et al. (1998) reported the pattern of inheritance and allelic relationship 

among diverse TGMS lines. The results indicated that a single recessive gene governed the 

TGMS trait. However, in the segregating population, individual TGMS progenies from the 

same F2 population showed different fertility levels, indicating that some other gene(s) 

modify the expression of major gene and affect the degree of fertility. Allelic relationships 

were examined by studying direct crosses and backcross involving two TGMS lines. Lines 

developed from Norin PL 12 (tms 2; IR 68292, IR 68294 and IR 68949) at IRRI were 

allelic to ID 24 and JP 1. Lines IR 32364 (tms 3), JP 8-81S and IC 10 were also allelic. 

Lines SA 2 and F 61 were non-allelic to all the other lines, and therefore, may possess 

different genes for TGMS trait.  
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 Reddy et al. (2000) tagged the TGMS gene through bulk segregate analysis TGMS 

and fertility bulks were made from the F2 population the cross SA 2 × N 22 (fertile). Operon 

primers revealed 176 polymorphic products specific to fertile parent N 22 and 19 specific to 

SA 2. O these, the 0.7 kb amplicon of OPA 12 and 1.9 kb amplicon of OPSI were specific to 

the TGMS trait. Bulked segregant analysis of F2 of the cross ID 24 (TGMS, non-allelic to SA 

2) × N 22 reveale a 1.2 kb amplocon of OPB-19 specific to TGMS. 

 Saxena and Singh (1998) studied the fertility response in 15 TGMS at Pantnagar 

in Uttar Pradesh. Five lines showed seasonal fertility sterility transformation under high 

temperature (mean daily average over 29°C) and fertility transformation at lower 

temperature (mean average 26-28°C). 

 Dong et al. (2000) developed an F2 population from a cross between a TGMS 

indica mutant, TGMS-VN 1 and a fertile indica line, CH 1, to identify molecular markers 

linked to the TGMS gene and subsequently determined its chromosomal location. Among 

200 AFLP marker sued, four were linked to the gene in coupling phase. Marker E 5/M 12-

600 showed polymorphism in RFLP and was closely linked to the gene on chromosome 2 

at a distance of 3.3 cm. The new gene was tentatively designated as tms 4 (t). 

 Li and Pandey (2001) attempted to locate the tms genes in a new TGMS line, 

UPRI 95-140 TGMS. The trigenic inheritance of sterility in this line was at variance with 

monogenic inheritance and tms genes reported earlier. The F1 of UPRI 95-140 

TGMS/UPRI 95-117 crossed as male parent to a set of IR 36 based triples and also with IR 

36 as check. The results indicated F2 segregation of TGMS trait in three-way crosses 

involving triplo 3 and triplo 7, to be significantly different with the check (IR 37//UPRI 

95-140 TGMS/UPRI 95-117). Therefore, two of the major tms genes were located on 

chromosome 3 and chromosome 7, respectively. As the third and the weakest among all 

the genes was indistinguishable in the genetic background of UPRI 95-140 TGMS/UPRI 

95-117, it was not detected and therefore, could not be located. Results also indicated that 

the gene on chromosome 3 is non-allelic with all the four known genes because they are 

located on different chromosomes i.e. 6, 7, 8 and 9, respectively. The gene on the 

chromosome 7 was located on the same chromosome as the known tms 2, but they were 

considered non-allelic as the former alone cannot confer complete male sterility while the 

latter (tms 2) can. Similarly the third tms gene present in UPRI 95-140 TGMS is 
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impossible to be allelic to known genes, as it is the weakest. The three new genes were 

therefore designated as tms 4 (t), tms 5 (t) and tms 6 (t), respectively. 

 Liu et al. (2002) studied the breeding and application of indica rice thermo sensitive 

genic male sterile (TGMS) line Kang 201S. It was bred during 1993-2001 in Hunan, China 

from a cross between Anxiang S (an indica rice TGMS line) and 12119 (a late maturing indica 

variety) with good grain quality by pedigree selection. It had some characteristics such as low 

critical sterility temperature, high out crossing rate, good combining ability, fine grain quality, 

etc. Moreover, in a large-scale demonstration trail, it showed high yielding ability, strong cold 

resistance and good grain quality. It was examined and approved by the crop variety 

committee of Hunan Province in March 2001. 

 Wang et al. (2003) genetically analysed and indicated that a single recessive gene 

named tms 5 controlled sterility of AnnongS1. Earlier tms 5 gene was mapped on chromosome 

2 based on F2 population derived from Annong S1 × Nanjiing 11. A  RIL (recombinant inbred 

line) population from the same cross was developed and used for fine mapping of tms 5 gene. 

Molecular marker techniques combined with BSA (bulk sergeant analysis) were used. As a 

result, two AFLP markers (AF 10, AF 8), one RAPD marker (RA 4), one STS marker (C 365-

1), one CAPs marker (g 227-1) and 4 SSR marker (RM 279, PM 492, RM 327, R 324) were 

found to be closely linked to tms 5 gene. The DNA sequences of RFLP marker of C 365 and G 

227 were found in GenBank and on the basis of these sequences, many primers were designed 

to amplify the two parents and their RIL population plants. Finally, the tms 5 gene was mapped 

between STS marker C 365-1 and CAPs marker G 227-1 at a distance of 1.04 cM from C 365-

1 and 2.08 cM from G 227-1. 

 Rongbai et al. (2005) studied that thermosensitive genic male sterility in rice to be 

useful trait for the exploitation of heterosis, especially of inter specific kind using two-line 

system. Three pairs of independent recessive (tms) genes with additive effects were involved 

in TGMS expression in UPRI 95-140 TGMS. Expression of trait in F2 generation involving 44 

different genetic backgrounds indicates monogenic (3F: 1S), digenic (15F: 1S) and trigenic 

(63F: 1) inheritance with frequencies 18.2, 52.3 and 29.5 per cent, respectively. No single pair 

of genes was capable of causing complete male sterility. Two pairs of major tms genes in 

UPRI 95-140 TGMS, non-allelic to any of known tms genes, were located on chromosomes 3 

and 7, and tentatively designated as tms 6 (t) and tms 7 (t), respectively. 
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Rongbai and Pandey (2005) investigated genetics and breeding behaviour of 

TGMS trait of a new TGMS line UPRI 95-140 TGMS in F1, F2 test crosses and F3 

generations of three crosses involving IR 36, UPRI 95-117 and UPRI 95-161 as male 

parents under sub-tropical conditions of Northern India and reported that two pairs of 

recessive genes controlled the inheritance of TGMS in duplicate fashion. These genes were 

expressed as low temperature fertility transformation (26-27.1°C), a long sterility period 

(>90 days) and reasonable fertility at lower temperature (21.7-23.4°C). 

 Lee et al. (2005) investigated a novel TGMS gene, tms 6 in a spontaneous mutant 

Sokcho-MS, originated from a Korean japonica variety is complete male sterile at >27°C 

and fertile at 25-27°C. Genetic analysis and molecular based on SSR, STS and EST 

markers revealed that a single recessive gene locus involved the control of genic male 

sterility in Sokcho-MS. By using an F2 mapping population derived from a cross between 

Sokcho-MS. By using an F2 mapping population derived from a cross between Sokcho-MS 

and a fertile indica variety Neda, the TGMS gene, designated as tms 6, was mapped 

primarily to the long arm of chromosome 5 of Oryza sativa at the interval between markers 

E 60663 (2.0 cM) and RM 440 (5.8 cM). Subsequently, tms 6 was fine mapped to the 

interval between markers RM 3351 (0.1 cM) and E 60663 (1.9 cM). 

2.1.2.2.3 Evaluation of TGMS Lines for critical sterility temperature and critical 

fertility temperature and other traits. 

Viraktamath & Virmani (2001) Response of thermosensitive genic male sterility in 

rice to varying temperature situations was studied by using four TGMS lines. In three sets of 

maximum, minimum and their combined temperatures, it was observed that maximum 

temperature played a predominant role in influencing sterility/fertility of TGMS lines under the 

combined regimes. Expression of a TGMS gene was found to be influenced by the genetic 

background of the recipient lines. Exposure for more than 8 hours of 32 
◦
C was found 

necessary to induce complete male sterility in indica TGMS lines: IR68945-4-33-4-14 and 

IR68949-11-5-31 while, more than 4 hours of such exposurewas enough to induce sterility in 

case of their japonica donor Norin PL 12. Sudden interruption with 27 ◦C even for 2 hours 

under the sterility inducing regime of 32/24 ◦C could induce partial fertility in the line 

IR68945-4-33-4-14. However, the line ID 24 remained completely sterile even with 10 hours 

of interruption with 27 ◦C. An interruption with lower temperature of 27 ◦C for 4 hours for 

even one day induced partial fertility in IR68945-4-33-4-14. The period of four to eight days 
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after panicle initiation was the stage most sensitive to temperature variations. Hybrid rice 

breeders need to develop numerous genetically diverse TGMS lines, which possess critical 

sterility inducing temperature of 28 ◦C and are not affected by sudden interruptions with a 

lower temperature for few hours daily for a couple of days. 

Lohithaswa H.C. et al., (2000)
 
thirteen male-sterile clones of rice (Oryza sativa L.) 

variety CTH-1 showing male sterility were isolated from the M2 generation. They were 

maintained clonally and evaluated for pollen and spikelet sterility over 58 periodical 

plantings under high and low temperature regimes at three locations, viz., Hebbal 

(Bangalore), Honnavile (Shimoga), and Mudigere (Chickmagalore), India. Clones 4, 6, and 

10 showed 100% spikelet sterility when the temperature regimes were above 30°C. The 

sensitive stage, stamen-pistil primordia stage of Clones 4, 6, and 10 was around 23 days, 

20 days, and 19 days before heading and critical sterility points were 35.5°C/23.0°C, 

35.8°C/23.5°C, and 35.0°C/23.0°C, respectively. Analysis of the F2 generation of crosses 

between these three clones and four pollen parents revealed that the sterility of 

thermosensitive genetic male-sterile clones was under the control of two recessive genes. 

Sanchez and Virmani (2005) Correlation analyses between spikelet fertility and 

maximum and daily mean temperatures at 1-30 days before heading were done to 

determine the critical stage where temperature influences the sterility/fertility expression of 

the TGMS lines. The CSP values of the TGMS lines were identified through regression 

analysis between spikelet fertility and maximum and daily mean temperatures at the 

critical stage. The data showed that the critical stage for most TGMS lines occurs at the 

developmental stages between the differentiation of secondary branch primordium and the 

filling stage of pollen, or approximately 24 to 5 days before heading. Norin PL12, ID24, 

IR32364 (TGMS), IR72093 and IR72096 were identified to have low CSP (Tmax <32 °C; 

Tmean <27 °C). The data indicates that evaluating for sterility in the wet season is more 

effective than in the dry season in identifying TGMS lines with low CSP. TGMS lines 

developed using this new strategy was found to be more stable in terms of sterility 

expression. Preliminary evaluation of 2-line hybrids from these low-CSP TGMS lines 

showed a high frequency of heterotic combinations (77%). 

Ramkrishna S. et al., (2006) Thermo sensitive genetic male sterile lines were 

screened for temperature sensitivity and their morphology and floral biology were studied. All 
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the six TGMS lines clearly showed a tendency of transformation from sterile to fertile phase, 

when temperature was decreased in the field as well as under growth chamber conditions. 

Fertility restoration was more at lower temperature (28/21°C and 24/21°C) for all the six 

TGMS lines. All the TGMS lines exhibited critical sterility point at temperature more than 

30°C. Critical sterility point ranged from 30°C (DRR 1S) to 35.9°C (IR 73827-23S). For all 

morphological traits except ligule shape variation was observed. Floral biology both in sterile 

and fertile phase showed varied behavior. In sterile phase the time of anthesis ranged from 

9:05AM to 9:40 AM. For duration of anthesis there was clear cut difference among the TGMS 

lines. DRR 5S took minimum time (165 min) and UPRI 95-140S (270 min) took maximum 

time. Blooming duration varied from two to four days. Angle of gloom opening ranged from 

25 to 36°. DRR 5S showed less exerted stigma (25%). High stigma exertion was observed in 

UPRI 95-167S (70%). Out crossing ranged from 20 to 41%. Maximum out crossing rate was 

recorded in DRR 1S. In fertile phase time of anthesis ranged from 9:35 AM to 10:30 AM. 

Duration of anthesis varied from 140 min in DRR 5S to 215 min in UPRI 95-67S. Blooming 

duration varied from 3-7 days. Angle of glume opening ranged from 15 to 25°. Stigma 

exertion was highest in UPRI 95-167S (62.4%) and lowest in DRR 5S (20%). 

Latha and Thiyagarajan (2010) in this study six TGMS lines viz., TS 6, TS 16, TS 18, 

TS 29, TS 46 and TS 47 were characterized for their fertility behavior. The lines were screened 

for pollen and spikelet fertility by raising the plants at fortnightly interval. All the lines had stable 

sterile phase with 100 per cent pollen sterility for more than 50 consecutive days during high 

temperature condition (>30/20oC max/min) and they reverted to fertile with more than 60 per 

cent pollen and spikelet fertility during low temperature condition (<30/20oC max/min). All the 

lines except TS 29 showed one distinct sterile phase from March to June, whereas TS 29 had two 

sterile phases from mid February to mid June and from second week of September to first week 

of November. Since all the lines were completely sterile for more than 30 consecutive days 

during sterile phase, hybrid seed production utilizing these lines can be taken up by raising the 

lines in such a way that flowering coincides with sterile phase. All the lines reverted into fertile in 

two phases. The first fertile phase was short (13-17 days) during July for all the lines except TS 

29, for which it was observed during August. The second fertile phase was longer in duration 

from late November to early February for more than 30 days in all the lines except TS 29, in 

which it was only for 16 days during December. The maximum pollen and spikelet fertility 

recorded during this period was 63 to 85 per cent and 58 to 70 per cent, respectively. 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=morphological+traits
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Salgotra et al. (2012) Thermo-sensitive genic male sterility (TGMS) is the genic 

sterile system in plants that affects the fertility/sterility response to temperature in hybrid 

rice breeding. Eight TGMS lines, DDR 1S, DDR 18S, DDR 19S, DDR 20S, DDR 23S, 

DDR 27S, DRR 28S and DDR 29, showed satisfactory seed-set percentage at high altitude, 

but complete sterility at low altitude. Characterization of sterility-sensitive stage and floral 

traits were determined by the tracking method. At low altitude, with an average air 

temperature of 35.4 °C, TGMS lines DRR 19S, DRR 20S and DRR 29S displayed a 

sterility-sensitive stage at 21 days prior to normal heading. The TGMS line DRR 1S 

required a temperature of 36.6 °C for complete sterility at 17 days prior to normal heading. 

In the remaining seven lines, the temperature for complete sterility ranged from 33.9 °C to 

35.8 °C at low altitude. Angle of opened lemma and palea showed a significantly positive 

correlation with opening duration of lemma and palea and with size of stigma. 

Celine et al., (2014) Two TGMS lines introduced from IRRI namely EC 720903 

and EC 720904 were evaluated along with Uma and Jyothi, two popular male fertile rice 

varieties of Kerala at monthly intervals from January 2012 to December 2013. The male 

sterile lines showed 100% male sterility during April- May, September - October and 

January- March months indicating the suitability of the lines as donors of male sterility. 

Male sterile and fertile lines differed morphologically. TGMS and non TGMS lines 

differed at molecular level for TGMS gene specific marker RM 3351. The study proves the 

potential of the TGMS lines to be used as donor parent to transfer male sterility to popular 

varieties of Kerala by marker assisted back cross breeding 

2.2 Combining ability analysis of parents and crosses  

   Plant breeder is confronted with the problem of choice of parents while breeding for 

high yielding varieties of the crop plants. Elimination of poor yielding crosses on the basis of 

per se performance in early generations has been suggested but it was felt that the knowledge 

of genetic architecture of yield and its components will help to identify the better crosses more 

efficiently. Combining ability analysis seems to be the most reliable and quickest method of 

understanding the genetic nature of quantitatively inherited characteristics.  

 Sprague and Tatum (1942) defined GCA as the average performance of a line 

hybrid combinations and specific combining ability as those cases in which certain 

combinations are relatively better or worse than would be expected on the basis of GCA of 
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their parents. Generally speaking, good combiner parents results in higher frequency of 

heterotic hybrids than the poor combiner parents. From the genetic viewpoint, GCA 

measures additive gene effects and SCA measures non-additive gene effects including 

dominance and epistasis.  

 Griffing (1956a) and Carnaham et al. (1960) and many other workers have 

suggested that the GC include both the additive effects as well as additive × additive 

interactions. It has been realized that high yielding lines may not necessarily be able to 

transmit its superiority to the hybrid (Allard, 1960). Hence an estimate of GCA (worth of 

parent) and SCA (worth of hybrids) effects may be more reliable test rather than per se 

performance.  

 Available literature on the gene action and combining ability for yield and other 

agronomic characters in rice is presented under the following sub-heads: 

2.2.1 Studies involving pure lines  

 Virmani (1987) stated that almost all kinds of SCA effects can be obtained from 

any type of parental combinations but the majority of the best SCA combinations involved 

at least one parent possessing high GCA effects and the other could have high, medium or 

low GCA for hybrid combinations.  

 Pandey et al. (1992) reported the inheritance of embryo length in Japonica rice 

indicating significance of both additive and non-additive effects and the additive effects 

appeared to be more important. The hybrids involving ‘Rikuto Norin 15’ with ‘K 129 and 

Tsyuake. Japan with ‘Suweon 341’ and ‘Dunghanshali’ with ‘Duansan’ and ‘Suweon 341’ 

appeared promising for incorporating an adequate embryo length into high yielding rice 

cultivars.  

 Ramalimagam et al. (1993) observed predominance of non-additive gene action 

over additive gene action for yield and its major attributes except 1000-grain weight. The 

best general combiners for grain yield were ACM 27, TNAU 801793 and AS 34011 

among lines and ADT among testers. The best specific crosses for seed yield were AS 

13744/IR 50, AS 688/ADT 37 and AS 34011/ADT 37. The superior cross combinations 

resulted from high/high, high/low and low/low. High and positive associations were 

obtained between per se performance and GCA effects of the parents.  
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 Pandey et al. (1994) reported highly significant variance for GCA and SCA from 

the F1 and F2 diallel of parents. Both additive and non-additive genes controlled the 

inheritance of embryo length with the preponderance of the additive genes. Average 

dominance overall the loci across all parents was within the range of incomplete 

dominance. Combining ability analysis confirmed greater importance o additive gene 

effect in the embryo size. Heritability estimates in narrow sense were very high.  

 Vivekanandan and Giridharan (1997) derived information on combining 

ability and genetic variance from data on six yield related traits in eight parents and 

their 15 progenies derived from a 5 line × 3 tester cross. The results indicated 

importance of additive gene action for 100-grain weight and grain length, breadth and 

thickness. Based on the per se performance and GCA effects, ADT 39 and Improved 

White Ponni were best parent for the improvement of grain traits besides grain yield. It 

is suggested that the cross ADT 39/Pusa Basmati 1 and Improved White Ponni/Pusa 

Basmati 1 are suitable for the recombination breeding, while IR 50/Pusa Basmati 1 may 

be exploited for heterosis breeding.   

 Saxena et al. (2002) Pooled analysis indicated IR 66159-131-4-3-2, tropical 

japonica line expressing the maximum GCA effects for RGR and CGR both at 60 days 

after sowing (DAS) and at maturity, UPRI 1092-30-1-2 for LAI at 45 DAS, IR 65600-32-

4-6-1 for LAI at 60 DAS and flowering and NAR, IR 65600-42-5-2 for grain yield and 

Akihikari for leaf thickness. Fertility environments had significant influence on GCA for 

most of the character. Parents showing the maximum per se performance were not the bet 

general combiners for different characters except the parent IR 65597-25-1 for plant 

height, IR 65600-77-52-1 for LAI at flowering and IR 66150-5-23-2 for CGR at maturity. 

Hybrids exhibiting high SCA effect for grain yield in the specific and pooled environments 

were the combinations involving genetically diverse parents of TJ/I (IR 65600-42-5-

2/UPRI 95-170 and IR 65598-152-15-2/Pant Dhan 4) and TJ/A (IR 65600-77-4-2-

1/Dular). The most promising specific crosses for physiological characters were 

Akihikari/Pant Dhan 4 for LAI, UPR 1230-9-2/Dular for leaf thickness, IR 66159-131-4-3-

2/UPRI 95-140 for RGR, IR 66154-52-4-2-2/BSI 10 for CGR and Hinohikari/UPRI 95-

140 NAR. Study suggested the importance of combining diverse intersubspecific 

germplams for these characters to get better recombinants in the segregating generations 

and for the best exploitation of higher level of heterosis.  
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 Baskheti (2005) analysed combining ability for grain yield in a line × tester 

crosses involving 15 pure lines. Preponderance of non-additive gene effects was 

observed for all the characters examined. RP 1051-38-85-1 and RP 1125-1552-9-3-4-1 

were the best general combiners for grain yield. The best cross combination for grain 

yield was RP 1015-45-121-1 × Manhar and was having one of the parents as poor and 

the other as average combiner. Suitable breeding methods are suggested depending on 

the gene effects.  

Rahimi et al. (2010) evaluated fifteen F1 hybrids and their parents were in a 

randomized complete block design with three replications that generated by half diallel 

crosses of six diverse rice cultivars. The studied traits were growth period, reproductive 

period, flag leaf area, plant height, panicle length, number of panicles per plant, number of 

grains per panicle, 1000-grain weight, grain yield, brown grain length and brown grain 

width. The significance of specific combining ability (SCA) and general combining ability 

(GCA) for all studied traits revealed that both additive and non-additive gene effects 

contributed to the inheritance of the traits. 

Patil et al., (2012) Combining ability analysis revealed that, sca variances were 

higher than gca variances for all the characters except days to maturity which indicated 

non-additive gene action in the expression of the traits, although non-additive gene action 

was predominant in the expression of most of the traits. The estimation of gca effects for 

parents indicating that males Sathi 34-36, GR-5 and female Jaya were the best general 

combiners for grain yield per plant and some yield contributing traits. The best specific 

crosses combinations are GR-11 x Sathi 34-36, Jaya x GR-103 and Jaya x IR-28 of either 

average x good, good x poor or good x average combination. 

Thakare et al., (2013) The estimates of gca effects indicated that, among females, IR 

68886 A and IR 68897 A and among males IR-44, IR-60, IR-9761, IR-4266-29-4-2-2-2, IR-

5638-139-2-2, IR-69701-9-3-1 and IR-71138-49-2-2 were found as good general combiners 

for grain yield per plant. High sca effects were observed in the crosses, IR 68886 A × IR-44, 

IR 68897 A × IET-15554, IR 68897 A × IR–56455-206-2, IR 68902 A × IR-4266-29-4-2-2-2 

and IR 68897 A × IR–62161-184-3-1-3-2. They were found to be the best combinations for 

grain yield per plant and quality traits. The preponderance of non-additive type of gene actions 

clearly indicated that selection of superior plants should be use for further improvement. 
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Dorosti and Monajjem (2014) Line (five) × tester (two) analysis was conducted to 

determine good parents and the nature of gene action governing yield and its component traits 

in rice. The line × testers showed significant differences for all traits except for number of 

spikelets per panicle and hundred grain weight. Parents with low × high general combining 

ability (GCA) effects resulted in heterotic hybrid combination like the IR62829A/IR57301-

158-1R. A low × low GCA gave the best heterotic combination i.e. IR68888A/’Sepidroud’. 

The study showed GCA to only identify better parental lots and it will be unwise to discard the 

low GCA types. Predominance of dominance gene action for all the traits studied except for 

flag leaf width and number of spikelets per panicle suggests heterosis breeding must be 

strongly pursued for exploitation of the yield advantage over the inbred varieties. 

2.2.2 Studies involving male sterility systems  

  Peng and Virmani (1990) studied combining ability for days to flowering, plant 

height, grain yield, dry matter and harvest index using line × tester analysis involving seven 

maintainers an eleven restorer lines. GCA and SCA variances were significant for yield, dry 

matter, days to flowering and plant height, for harvest index, only SCA variance was 

significant implying that the first four traits were controlled by both additive and dominant 

gene action. Harvest index was, however, primarily controlled only by dominant gene action.  

 Watanesk (1993) evaluated 20 F1 hybrids developed from four A and five R lines 

in a line × tester fashion in comparison with traditional cultivars RD 23 and SPR 60. GCA 

and SCA were analyzed for eight yield related traits. For the A lines, CNTA 10 and CNTA 

1 were good general combiners for yield, plant height and panicle length. Among the R 

lines, SPRLE 75055-352-2-1 and SPRLR 7404-17-1-1-1 were good general combiners for 

the same three traits plus low unfilled grain percentage.  

 Ramalingam et al. (1994) evaluated 25 hybrid for their fertility status from five CMS 

lines and testers was in the range 0.0-97.4 per cent and spikelet fertility 0.0-92.5 per cent. All 

the five testers acted as completed restorers for WA source and maintainer for Oryza perennis. 

 Ganeshan and Rangaswami (1998) estimated heterosis in 40 hybrids of five WA-

based CMS lines with eight cultivar in a line × tester mating design for days to flowering, 

number of productive tillers, panicle length, spikelet fertility and yield per plant and reported IR 

62829-A/ White Ponni as the most promising hybrid followed by MS 37A/Ponni. 
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 Sutaryo (1998) analyzed 25 hybrids alongwith five each of lines and testers. 

Among lines, IR 53942 was the general combiner for yield, panicle number per hill, filled 

grain number per panicle, days to maturity, plant height and panicle length. Among testers, 

IR 68894B showed the highest general combining ability for yield, filled grain per panicle 

and 1000-grain weight. Result indicated that IR 68894A/IR 54942 was the best specific 

combination for yield and early maturity.  

 Dwivedi et al. (1999) studied combining ability for grain yield and ten yield 

contributing characters in ten rice lines and their 45 hybrids from two dialed cross without 

reciprocals under three environments (E1 normal sowing time and high fertility; E2 NS and 

optimum fertility and E3 late sowing and high fertility) at Pantnagar in 1995. The parents 

were the tropical japonica lines BSI 10, BSI 16, BSI 4116 and B 4122 with wide 

compatibility gene(s) and the indica lines Govind, Manhar, Pant Dhan 4, Sarjoo 52, Pant 

Dhan 12 and Narendra 359. Results showed that both GCA and SCA were influenced by 

environments. The best general combiners were Pant Dhan 4, Sarjoo 52, Narendra 359, 

B4122 and BSI 10 for grain yield and most of the yield contributing traits. BSI 10 × 

Narendra 359, B 4122 × Pant Dhan 4 and B 4122 × Narendra 359 were the combination 

for high yield. BSI 10 × Govind, BSI 10 × Pant Dhan 12 and B 4122 × Pant Dhan 12 

showed high heterosis at the intersubspecific level. 

 Mishra and Seshgiri (2001) studied combining ability and heterosis for various 

traits from 42 hybrids involving two CMS (IR 58025A and IR 62869A) with 21 testers. 

The CMS line IR 58025A and the testes R-636-382 and Rajashree were the best general 

combiners for grain yield and related traits whereas the hybrid IR 58025A × R-636-405 

was best specific combiner for grain yield.  

 Yograj et al. (2001) estimated combining ability for grain yield and its contributing 

characters in the line × tester mating design using three stable WA-CMS lines and 18 well 

adapted and good yielding male parents as the testers. The results showed importance of 

both additive and non-additive genetic variance in the expression of all the characters. The 

relative magnitudes of SCA variances were higher than the GCA variance indicating 

predominance of non-additive gene action in their inheritance. General combining ability 

effects indicated CMS IR 46820A to be the best combiner followed by ZS 97A and V20A. 

All the CMS lines were average combiners for grain yield per plant. Among the testers, IR 
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36 was the best combiner for most characters including grain yield. Based on SCA effects, 

the most promising combinations for grain yield were V20A/Sarjoo 52. Most combinations 

with high SCA effects for grain yield per plant involved average/high general combiners 

into them and suggested for exploitation in hybrid/recombination breeding.  

 Gam and Hoan (2002) studied combining ability using ten EGMS lines and 15 

high yielding elite lines in line × tester mating design and found that for yield the male 

parents had better SCA only for yield, panicle number per hill, grains per panicle and plant 

height.  

 Bhave et al. (2003) analyzed the combining ability for yield and yield components 

(plant height, number of tillers per plant, number of productive tillers per plant, days to 

flag leaf initiation, days to 50% flowering, days to maturity, panicle length, number of 

grains per panicle, grain fertility, test weight, grain yield per plant, straw yield and harvest 

index). The study was conducted using 32 F1 hybrids, 16 restorer lines and 2 maintainer 

lines grown in Dapoli, Maharashtra ((India), during the Kharif season of 1995. The best 

general combiners were IR 58025B (restorer line) and KJT 14-7 (maintains line) for most 

of the characters. IR 62829A, RTN 73, KJT 4 and RTN 2 appeared to be good general 

combiners for plant height. IR 62829A, RTN 68 and KJT 14-7 appeared to be good general 

combiners for number of tillers per plant. IR 62829A, RTN 73, KJT 1 ad KJT 14 were 

good general combiners for days to 50 per cent flowering and maturity. IR 58025A and 

RTN 68 were the best general combiners for panicle characteristics. IR 58025A, RTN 68 

and KJT 14-7 were good general combiners for grain yield per plant. IR 58025A × RTN 

68, IR 58025A × PNL 1 and IR 62829 × PNL 2, which showed high specific combining 

ability effects and per se performance, were the best combinations for hybrid breeding.  

 Li et al. (2003) analyzed the combining ability of nine major agronomic traits by 

crossing indica/japonica lines with indica photo-thermosenstive genetic male sterile lines 

under early and late season condition. The general combining ability (GCA) of plant 

height, panicles per plant, panicle length, seed setting rate, grain weight per plant in G 

2417-1, the GCA of days to heading, spikelets per panicle, filled spikelets per panicle and 

grain weight per plant in G 3005-4-1 and the GCA of 1000-grain weight in G 2123 were 

better both in the early and late seasons. On the whole, G 417-1 had better GCA, followed 

by G 3005-4-1, but G 3005-4-1 had better specific combining ability (SCA), followed by 



Review of Literature ………… 

G 2123. The crosses Hai 35/G 3005-4-1 and Pei ai 64S/G 3005-4-1 obtained high and 

stable SCA of grain weight in both seasons. There indica/japonica rice lines had higher 

genetic distance than indica. G 2417-1 and G 3005-4-1 had better exploited value in two-

line system of hybrid rice breeding according to the combining ability of nine characters.  

 Kumar et al. (2004) studied 27 hybrids generated by crossing three CMS lines 

with nine testers along with parents for combining ability for days to 50 per cent flowering, 

days to maturity, plant height, number of effective tillers per hill, panicle length, sterility 

per cent, 1000-grain weight and grain yield per plant. Among the male parental lines, Pusa 

1040 and PSRM-1-16-48-1 appeared as whole, the best general combiner for combiner for 

yield and its component traits. The female line IR 58025A was a good combiner for grain 

yield per plant and its major components. The most promising specific combinations were 

IR 68886A × Pusa 1040, IR 58025A × Gautam and IR 68886A × PSRM-1-16-48-1. 

 Zhang (2004) analyzed the combining ability of four PGMS lines and 13 restoring 

lines of two line indica hybrid rice for eight characters (number of days from sowing to 

heading, plant height, length of neck panicle, panicle length, number of filled spikelets per 

panicle, seed setting rate, 1000-grain weight and grain weight per plant) using a p × q 

incomplete diallel cross (NCII) design. The results showed that both general combining 

ability (GCA) and specific combining ability (SCA) of all the characters were significant at 

1 per cent level. The role of GCA was more important than that of SCA for most 

characters except for number of filled grains and grain yield per plant and the role of GCA 

for restoring lines was greater than that for sterile lines. Sterile line 3087S, Shuguang 6125 

and restoring line indica 10038, C 418, Lunhui 422 and Nanjing 16 showed greater GCA 

and SCA variances for main agronomic characters.   

 Panwar (2005) conducted an experiment in Kota, Rajasthan, India, during 2001 

Kharif season on lines IET 13846, IET 15391 and IET 11819 as females, testers PUsa 

Basmti-1, Taraori Basmati, Kasturi, Basmati, Mahi Sugandha, Pakistani Basmati, IR 64, 

Ratna, Suraksha and Narendra used as males and 30 hybrids obtained from the line × tester 

mating design. Data were recorded for days to 50 per cent flowering, days to maturity, 

plant height, productive tillers per plant, filled grains per panicle, spikelet fertility and 

biological yield per plant. The mean squares due to lines and testers were significant 

indicating the prevalence of additive variance for all the characters. The estimates of 
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general combining ability effects of lines and testers showed that IET 13846, Kasturi 

Basmati 370, Pusa Basmati-1, Taraori Basmati and IR 64 were good general combiners for 

grain yield per plant. A total of 14 crosses exhibited positive significant specific combining 

ability (SCA) effects for grain yield per plant, where eight crosses involved one parent 

with high general combining ability (GCA) effects and the other having either high or low 

combining ability effect indicating additive and non-additive genetic interaction. The per 

se performance, GCA effects of parents, heterobeltiosis and economic heterosis in five 

superior cross combinations that exhibited positive significant SCA effects indicate that the 

high performance hybrids need to be ones with high SCA effects and vice-versa.  

 Satish and Seetharamaiah (2005) studied 15 rice hybrids generated from six 

parents (ARC 5780, BPT 1768, MTU 2067, NLR 33641, BPT 5204 and BPT 4358) in 

Bapatta, India during the rabi season of 1999-2000 alongwith parents for combining ability 

for number of productive tillers per hill, total chlorophyll (%), grain yield per plot, protein 

content (%), number of grains per panicle, leaf nitrogen (%) at flowering stage, volume 

expansion ratio, L/B ratio, harvest index, test weight, amylase content leaf area index 

(LAI) and kernel weight. Among the parents BPT 5204, MTU 2067, NLR 33641 were 

found to be good general combiners for grain yield and leaf nitrogen percentage. BPT 4358 

was best general combiner for amylase content. The most promising specific combinations 

were ARC 5780 × BPT 1768, ARC 5780 × NLR 33641, BPT 5204 × BPT 1768, BPT 5204 

×MTU 2067, BPT 5204 × BPT 4258 and NLR 33641 × BPT 4358 for grain yield. 

Abhinav Sao and Motiramani N.K. (2006) Among the CMS lines studied, DRR 

22A was a good general combiner for plant height, CMS line IR 62829A was a good 

general combiner for the total number of spikelets per panicle and grain yield per plant, 

CMS line IR 67684A was also good general combiner for total number of productive tiller 

per plant, total number of filled spikelet per panicle, spikelet fertility percentage and pollen 

sterility percentage whereas CMS line IR 68899A was rated as good general combiner for 

total number of chaffy spikelet per panicle. Tester Swarna was found best general 

combiner for grain yield per plant. Eight cross combinations exhibited high SCA (Specific 

Combining Ability) effects for grain yield per plant. These crosses were found to involve 

at least one parent with high GCA (General Combining Ability) effect and other parents 

having either high or low GCA effect indicating the involvement of additive as well as 

non-additive gene action operating in these crosses.  
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Kumar et al. (2006) reported that CMS line IR6888A for earliness and IR 58025A 

for yield and related traits like days to 50% flowering, plant height, productive tillers per 

plant, panicle length, number of fertile grains /panicle and 1000 grain weight. Four testers 

namely Pusa 1040, PSRm-1-16-48-11, RAU 1411-4 and RAU 1414-10 were rated as good 

general combiners for yield. 

Kumar et al. (2007) revealed that predominance of additive gene action for the 

traits like plant height, days to 50% flowering, days to maturity, dry matter harvest index, 

100 grain weight and grain length. However, both additive and non additive gene effects 

was equal importance for grain yield/plant, biological yield/plant, grain length:breath 

ratio,. Predominance of non-additive gene action was recorded for length of panicle and 

grain length. Both additive and non additive gene effects were played role in inheritance of 

yield and its component traits. 

Zhu et al. (2009) analyzed ten male sterile lines for the study of combining ability 

for yield and related traits. They found that the number of panicles, plant height, panicle 

length, grain number of panicle, full grain per panicle was mainly affected by the additive 

effects. The weight of 1000 grain weight and yield on single plant were affected by the 

additive effects and non-additive effects together and additive effects were greater than 

non- additive effect.  

Saidaiah (2010) evaluated one hundred and fifteen crosses from five CMS lines and 

23 restorers along with parents in line × tester design for grain yield and yield components. 

Predominance of non additive gene action was observed for all the characters, suggesting the 

development of hybrids in rice. The line APMS and PUSA 5A, IBL 57, SG27-77, SG 26-120 

and KMR 3 were good general combiners for grain yield and contributing traits. IR 43, IR 55 

and IR 60 were good general combiners for dwarf plant types. 

Akter et al. (2010) The relative contribution of line, tester and combinations of line 

x tester interaction of ten characters were calculated and found that panicle weight 

contributed the highest (69.53%) followed by thousand grain weight (63.62%), yield per 

plant (54.76%), panicle per meter square 51.52% in their hybrids. IR73328A was 

identified as good general combiner for shorter plant height (-6.09) and panicle per square 

meter (16.92). BRRI10A and IR78355A produced significant positive GCA for yield per 
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plant which could be regarded as good general combiner for higher grain yield. Six hybrid 

combinations were found with significant and positive SCA effect of which the highest 

value was obtained from BRRI3A/BRRI14R (2.46) followed by IR73328A/BRRI13R 

(2.23) for yield per plant.  

Bagheri and Jelodar (2010) studied combining ability and heterosis on 12 F1 

hybrids along with seven rice genotypes (three cytoplasmic male sterile lines and four 

restorer varieties) to know the pattern of inheritance of some morphological traits for 

selecting superior genotypes. Variances of SCA were higher than the GCA variances for 

traits except for plant height which indicated predominance of non-additive gene action in 

the inheritance of the traits. The highest heterosis (106.60%) was observed in cross 

IR68899A x Poya followed by other eight crosses for yield and most of its related traits. 

The proportional contribution of testers was observed to be higher than that of the 

interactions of line x tester that revealed the higher estimates of GCA variance that is 

additive gene action among the testers used. Within CMS parents, IR62829A and among 

male parents, IR50 and Poya were observed to be good general combiners for most of the 

characters studied. The cross combinations IR62829A x Mosa-tarom, IR68899A x Poya, 

IR58025A x IR50 and IR58025A x Poya were observed to be good specific cross 

combinations for grain yield and most of its related traits due to highly significant SCA 

and heterotic effects. 

Tiwari et al., (2011) the best cross combination in order of merit grain yield and 

other yield components were IR58025A x IR48749-53-2-2-2R, NMS4A x IR633-76-1R, 

IR58025A x IR54853-43-1-3R, IR58025A x IR19058-107-1R and PMS10A x IR54853- 

43-1-3R. Considering the heterosis more than 60% as well as significant sca effect for 

major components, the NMS4A x IR633-76-1R, IR58025A x IR19058-107-1R and 

IR58025A x IR32419-28-3-1-3R were most promising combinations and need to be tested 

on large scale. Besides these, some other crosses viz., NMS4A x IR52256-9-2-2-1R, 

NMS4A x IET 9352 and IR58025A x IET201102, which expressed more than 50% 

heterosis along with desirable significant sca effects for more than six important yield 

components, may be considered for commercial exploitation. 

Gulzar et al. (2012) Heterosis and combining ability estimates were worked out 

through Line x Tester analysis of 36 hybrids developed by crossing 18 lines (Males) with 
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two cytoplasmic male sterile (CMS) lines (Females) to know the genetic architecture of 

various agro-morphological traits in rice for development of hybrids under temperate 

conditions. The estimates of GCA effects indicated male parent 'K-08-61-2' was good 

general combiner for grain yield per plant and other yield contributing traits and among the 

female parent 'SKAU 11A' was observed to be good general combiner. Cross combinations 

'SKAU 7A' x 'K-08-61-2', 'SKAU 7A' x 'SR-2', 'SKAU 11A' x 'K-08-60-2', 'SKAU 11A' x 

'K-08-59-3' and 'SKAU 11A' x 'SKAU-389' were found to be good specific combinations 

for grain yield per plant and other desirable traits and needs to be tested on large scale. 

Malik and Singh (2013) Combining ability study on grain yield and component 

traits from a line x tester analysis. Days to 50% flowering, plant height, panicle length, 

panicle number per plant, tiller per plant, panicle weight, 1000 grain weight, spikelet 

number per panicle, grain number per panicle, % spikelet fertility and harvest index. 

Amongst parents PUSA 6A (T3) in testers and UPR 3456-4-2-2 (L14) in lines are good 

combiners for grain yield and other yield related component traits based on their GCA 

effects. Top hybrids expressing highest SCA effects for grain yield were obtained with 

general combiners involved into different parental combinations of UPR 3403-4- 1-1 x 

UPRI 95-167 (L1  x T1), UPRI 2008-62 x UPRI 95-17A (L20 x T2) and UPR 3428-4-1-1 

x UPRI 95-17A(L11 x T2).Two lines viz. UPR 3456-4-2-2 (L14) and UPR 3434-1-1-2 

(L12) were identified as good general combiners based on their mean performance and 

GCA effects for yield and its various traits. 

Raju et al., (2014) Five CMS lines were crossed with 13 R lines and the resultant 

65 hybrids along with the parents and five checks viz.,KRH-2, DRRH-2, PA-6201 Jaya, 

and IR- 64 were evaluated for combining ability (Line x Tester design) at three locations 

viz., Kunaram (Karimnagar District),Warangal and Kampasagar (Nalgonda District) of 

Telangana .Among the lines APMS 6 A and among the testers JGL 8292, JGL 8605, JGL 

17211, JGL 13515 and JGL 3844 are proved to be good combiners for majority of the 

characters including the yield, by exhibiting the high gca effects. Out of 65 hybrids, the top 

five hybrids based on sca effects are APMS 8 A x JGL 11110-2 (7.01), APMS 8 A x JGL 

11110-1 (5.48), APMS 6 A x JGL 1111-2 (4.77), APMS 8 A x JGL 13515 (4.01) and 

APMS 8 A x JGL 8605 (3.93), while the mean performance ranged from 27.64 g/plant to 

31.22 g/plant. Among the 65 hybrids tested at three locations 21 hybrids, recorded 

significant positive gca effects for single plant yield. 
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2.3 Nature and magnitude of heterosis  

 The first authentic report on plant hybridization can be traced back to 1717 when 

Thomas Fairchild produced a cross between tobacco varieties, Carnation and Sweet 

William. The F1 hybrid was vigorous but sterile, so it was called as Fair Child’s Mule.  

 Shull (1914) defined heterosis as expression of increased vigour, size fruitfulness, 

speed of development, resistance to diseases and to insects, or to climatic various of any 

kind manifested by cross bred organism as compared with corresponding inbreds which in 

the results of unlikelines in the constitution of uniting parental gametes.  

 The first report on heterosis in rice was published by Jones (1926) who observed 

that some F1 hybrids had more culms and yielded higher than their parents. The plant yield 

was significant higher than that of high yielding parent.  

2.3.1 Heterosis in intervarietal crosses  

 Pillai (1961) reported that F1 plants were outstanding in yield and exhibited hybrid 

vigour. They gave an increased yield of 34 per cent over the mean yield of parents. 

Heterosis was due to production of greater number of grains and lower spikelet sterility.  

 Rutger and Shinjyo (1980) indicated significant yield superiority of 11 of the 

hybrids out of 153 over the best check. Standard heterosis ranged from 16-53 per cent and 

averaged 41 per cent.  

 Nijaguna and Mahadevappa (1983) observed high degree of significant heterosis 

and heterobeltiosis for plant height, 1000-grain weight, straw yield and spikelet fertility in 

these crosses.   

 Virmani (1994) reported the prospects of hybrids in the tropics and subtropics 

using cytoplasmic male sterile (CMS) lines bred at IRRI (IR 58025A, IR 62829A) and 

India (Punjab male sterile lines). A maintainer breeding programme at IRRI resulted in 

considerably higher maintainer frequency. Genetically diverse CMS sources identified at 

IRRI (CMS-ARC and CMS-Oryza perennis) and in India (CMS-Kalinga) to overcome 

potential genetic vulnerability of hybrids, were indicated. No restorer has yet been 

identified for CMS-O. perennis among elite cultivars. TGMS has been identified in Japan 

and IRRI and is being evaluated. Hybrid rice seed production technology for the tropics is 

now available.  
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 Pandey et al. (1995) evaluated 36 hybrids alongwith parents and the standard 

variety, Jaya for grain yield per plant and six characters. Most of the crosses manifested 

significant heterosis for grain yield and panicle number plant, panicle length, grains per 

panicle, 1000-grain weight and days to maturity. Very few hybrids manifested heterosis for 

plant height. The range heterosis for seed yield was -6.7 to 258.2 per cent over better 

parent and -96.1 to 268.2 per cent over mid parent and -96.3 to 301.8 per cent over the 

standard variety. The best heterotic combinations for grain yield were Prasad/PP 72, 

Govind/PP 72, Govind/Sita, Prasad/Mahsuri and Govind/Jaya with the respective heterosis 

estimates for 258.2, 216.8, 177.8, 161.6 and 108.8 per cent for heterobeltiosis, 268.2, 

250.8, 178.1, 204.2 and 119.4 per cent for relative heterosis and 301.6, 265.2, 151.6, 285.0 

and 108.8 per cent over the best check. Heterosis for grain yield was due to two or more 

direct yield contributing characters.  

 Rogbell et al. (1998) assessed the nature and extent of relative heterosis and 

heterobeltiosis under saline stress condition in line × tester crosses using five saline stress 

conditions in line × tester crosses using five saline sensitive lines and seven salt tolerant 

testers. None of the hybrids exhibited heterosis for all the traits studied. The cross IR 

59788-37-1-1-2-1 × IR 54717-C 10-43-1-2-2-2 and IR 61457-8-3-3-1 × IR 54717-C 10-

43-1-2-2-2 were good combinations among the 35 hybrids evaluated.  

 Sharma et al. (2001) determined heterosis for grain yield and other agronomic 

characters in half diallel mating design involving seven parents resistant to bacterial blight. 

Heterosis over mid and better parents ranged between -36.2 to 67.2 per cent and -51.8 to 52.3 

per cent, respectively. The cross BBL 307/BJ 1, BBL 307/C 702015, BBL 307/IR 5040, BBL 

180/C 702015, C 702015/IR 50400 and RP 633/RP 2151 were identified as the best hybrids 

based on per se performance, high heterosis and high specific combining ability effects. 

Significant inbreeding depression for almost all the characters was recorded suggesting the 

importance of non-additive gene action in the heterotic expression of hybrids. For 100-seed 

weight, hybrid recorded significantly higher expression in F2 as compared to F1 mean. It 

suggested the epistatic gene action in heterotic expression alongwith dominance.  

 Agarwal (2003) evaluated rice cultivars viz., Sasyashree, Chambal, Haya, Vikas, 

Ratna, Kanak and IR 64 including the F1 and F2 crossbred progenies during 1998 in Kota, 

Rajasthan, India. Data were recorded for grains per panicle, grain weight per panicle, 100-
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grain weight and crop yield. Heterosis over better parent was highest for grains per panicle, 

grain weight per panicle and yield per plot in Vikas × Ratna and Sasyashree × Kanak. The 

highest heterobeltiosis for 100-grain weight was exhibited by Chambal × IR 64. In general, 

the crosses showing high heterosis also showed high inbreeding depression.  

 Dela-Rosa et al. (2003) evaluated the performance of some TGMS based two-line 

rice hybrids. A total of 53 experimental two-line hybrids were generated and evaluated in 

the preliminary yield trial (PYT) during the 2000 wet season (WS) and 2001 dry season 

(DS). Low frequencies of commercially usable two-line hybrids were generally observed 

in both trials. Only 5 hybrids combinations out of the 53 hybrids evaluated were found 

commercially usable with 1.0-1.5 t/ha yield advantage over the highest yielding check 

variety. All the hybrids evaluated were early maturity with intermediate plant height and 

tiller number. The commonly observed negative traits associated with the two-line hybrids 

evaluated are overly exposed panicles, weak straw and low seed yield. These negative 

traits could be accountable to lack of TGMS lines with improved plant and good 

combining ability. And since all the hybrids evaluated were from indica by indica crosses, 

it is also suspected that low frequency of heterotic hybrids could be due to lack of genetic 

diversity in the parental materials.  

 Liu et al. (2005) studied the heterotic eco types by the analysis of heterosis of the 

F1 hybrids which were created in a diallel set of cross between 9 ecological types. The 

heterotic patterns of japonica rice were also established. The result indicated that japonica 

ecotype of North-China, Taiwan, Japanese and Korea rice were considered as heterotic 

ecotypes in this study. The heterotic patterns in this study were japonica ecotype of Korea 

× Japanese japonica ecotype, japonica ecotype of North West × American rice and Taiwan 

japonica rice × japonica variety of Japanese. It suggested that North West japonica 

varieties exist heterotic gene of number of grains and Taiwan japonica varieties, Japanese 

japonica varieties and Korean japonica varieties exist heterotic genes of number of particle 

and IRAT varieties have hetrotic gene of grain weight. It was also found that the 

correlation coefficient between heterosis and the divergence of parents in morphological 

traits were not significantly different.  

Faiz et al. (2006) evaluated F1’s developed by two lines x two tester mating design 

along with four parental genotypes to estimate heterosis for yield and yield influencing 
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traits i.e., plant height, number of productive tillers per plant, number of spikelets per 

panicle, number of filled grains per panicle, sterility % and grain yield. Both the CMS lines 

reduced the plant height of their respective F1 hybrids. The highest positive heterosis over 

better parents was observed for grain yield (41.83 %), number of productive tillers per 

plant (11.04 %) and number of filled grains per panicle (7.39 %) in the cross of IR69616A 

x Basmati 385.  

Gnanasekaran et al., (2006) Thirty two rice (Oryza sativa L.) hybrids involving four 

TGMS (Thermo Sensitive Gene Male Sterile) lines and eight testers were evaluated for 

combining ability and heterosis. Among the parents, the TGMS lines viz., GO 98049 and GO 

98014, and the testers CB 97033 and IR 72 were the best based on the mean and gea effects. 

Considering the mean performance, sea effects and standard heterosis, six hybrids viz., GO 

98013/CB 97033, GO 98013/CO 47, GO 98014/AOT 45, GO 98014/PMK 2, GO 98049/AOT 

39 and GO 98049/CB 97033 were superior for grain yield and kernel quality traits.  

Sharma and Malik (2008) conducted an experiment with 70 hybrids evolved from 

crossing 14 elite indica lines and 5 medium duration testers in a line × tester fashion to 

estimate extend and magnitude of heterosis for grain yield and its components. High heterosis 

in yield was accompanied by heterosis for one and more of the major yield components. The 

maximum heterosis for grain yield was 63.27% in case of UPRI 99-73-1 × Jaya. 

Malarvizhi et al. (2009) reported cross between COMS 14A× IR 55838-B2-2-3-2-

3 and COMS 14A× IR 64 showed superiority for number of productive tillers, spikelets 

fertility, harvest index and IR 68897× IR 64 for number of productive tillers, panicle 

length, spikelets fertility and harvest index. 

Chandiraka et al. (2010) explored heterosis in 88 crosses of indica rice hybrids. 

The magnitude of relative heterosis, heterobeltiosis and standard heterosis with (CORH 2 

and ADTRH 1) were estimated. Top yielding hybrids viz., GD 98049 × IR63875-196—2-

2-1-3, GD 98014 × TKM 11, GD 98049 × TKM 11, GD99017 × TKM 12 exhibited 

significant standard heterosis over CORH 2 and ADTRH 1. Most of the high yielding 

hybrids manifested significant positive heterosis for yield contributing traits viz., number 

of productive tillers per plant, panicle length, and number of filled grains per panicle, 

spikelets fertility and 1000 grain weight.  
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Singh et al., (2011)  Studied Among a set of 54 hybrids generated using 

parental lines, 32 showed better parent heterosis (+21.7%) while 19 showed mid-parent 

heterosis (+15.0%). For the trait yield per plant genetic distance (GD) was negatively 

correlated with F1 performance (r = −0.202), mid-parent heterosis (r = −0.325*; P < 

0.05), and better parent heterosis (r = −0.261), while it was positively correlated with 

specific combining ability (r = 0.042). Based on the grouped genetic distance (GGD), 

the hybrid combinations were divided into four groups. The GGD showed linear 

correlation with hybrid performance within the group (GGD = 40–50: r = −0.07; GGD 

= 70–80: r = 0.32). This information can be utilized in the development of higher 

yielding, two-line rice hybrids through selection of intermediately diverse parental 

lines using GGD. 

Tiwari et al., (2011) the results indicated that the manifestation of 

heterobeltiosis for grain yield was significantly superiority of 43 hybrids ranging from 

11.63 to 113.04% and 46 hybrids over standard variety (Sarjoo-52) ranging from 10.48 

to 71.56%. Most of the crosses which exhibited superiority over better parent or 

standard variety for grain yield also showed significant heterosis for number of fertile 

spikelets and number of spikelets per panicle. These crosses also possessed about 80% 

pollen viability. Besides grain yield, considerable heterosis was observed for other 

characters also but its degree varied from character to character. 

 Ghara et al., (2014) Study of Heritability and heterosis were conducted on F 

hybrids along with rice genotypes (cytoplasmic male sterile lines and restorer varieties) 

to know the pattern of inheritance of some morphological traits for selecting superior 

genotypes. The experiment was carried out according to line x tester mating design. 

Analysis of variance revealed significant differences among genotypes, crosses, lines, 

testers and line x tester interactions for tiller number, plant height, days to flowering, 

panicle length, number of spikelet per panicle, spikelet fertility and grain yield traits. 

Variances of SCA were higher than the GCA variances for traits which indicated 

predominance of non-additive gene action in the inheritance of the traits. The highest 

broad sense heritability (Hb) was observed for Plant height. The highest heterosis was 

observed in cross Amol A×IR- followed by other eight crosses for yield and most of its 

related traits. 
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2.3.2 Heterosis in inter-subspecific crosses  

 Heu (1967) studied growth duration and hybrid sterility in remote crosses of 

cultivated rice and reported that certain rice varieties produced fertile F1 hybrids when 

crosses with indica and japonica.  

 Gu et al. (1989) evaluated indica-japonica F1 hybrids Zaoxiandang/02428 and 

3037/02428 and compared with the indica cultivar Shanyo 63. The hybrids gave 7.4 to 

41.0 per cent grater yield 49.4 to 52.4 per cent more number of spikelets per unit area and 

6.4 to 14.9 per cent better economic coefficient. They also showed higher daily integrals of 

photo-synthetic rate on both clear and cloudy days.  

 Liu and Sun (1990) studied panicle structure of indica-japonica rice hybrids and 

compared with two indica cultivar and their parents. The panicle structure of two 

indica/japonica hybrids showed a greater total spikeletes number. The increase was due to 

more secondary branches on the panicle and more spikeletes on the secondary branches.  

 Yang (1992) observed that intersubspecific hybrids viz., indica/japonica, 

indica/javanica and javanica/japonica exhibit very strong heterosis. The F1 hybrids grow 

quickly and vigorously throughout the vegetative stage. The yield potential was 20 per cent 

more than check hybrids.  

 Yuan (1992) observed the degree of heterosis in different inter and intrasubspecific 

hybrid groups with the following general trend: indica/japonica > indica/javanica > 

japonica / javanica > indica / indica > japonica / japonica. The yield potential in terms of 

per unit area of the best existing indica/indica hybrid developed using CMS system in 

around 75 kg/ha i.e., about 15 per cent higher than the pure line varieties. The best two line 

system indica/indica hybrid can outyield the CMS system indica/indica hybrids by 5-10 

percent. The indica/japonica hybrids possess highest yield potential both in sink and 

source. Theoretically, they may have 30 percent yield advantage over the best existing 

indica/indica hybrids.  

 Lu et al. (1993) derived information on heterosis from data on yield related traits in five 

indica-japonica hybrids and their parents. Heterosis for grain yield ranged from 14.0 to 83.3 per 

cent. All the hybrids showed decreased seed set and therefore, emphasized on improvement of 

this character as a major breeding objective for indica-japonica hybrid breeding.  
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 Ikehashi et al. (1994) reported wide compatibility gene(s) and indica japonica 

heterosis in temperate countries. They indicated that F1 sterility in indica japonica hybrids is 

due to gamete abortion caused by an allelic interaction at a locus in chromosome 6. Some 

javanicas have a neutral allele at this locus. The gamete abortion neutral allele S5
n
 wide 

compatability gene (WCG) has been incorporated into japonica types and utilized to develop 

fertile indica-japonica hybrids. Genetic analysis indicated that a new locus between Est-9 and 

Rc (red pericarp) in chromosome 7 is responsible for the hybrid sterility in some crosses 

between javanicas and a variety from the Indian subcontinent. The two S-loci indicate that 

hybrid sterility in most crosses is caused at one of the loci and that the alleles at the other locus 

remain neutral. A general system to identify S-loci is being developed. Some WCG lines for 

indica japonica hybrids have been developed in China and Japan. Two experimental indica-

japonica hybrids were tested in Japan. These hybrids were sensitive to cold weather in 

temperature regions. In BT cytoplasm, which is effective in the japonica background, the Rf 

gene functions at gamete level, producing 50 percent sterile, lowering the ratio of fertile pollen 

which aggravates could amage in indica-japonica hybrids. The hybrid sterility shown in male 

gametes also lowers the pollen fertility in indica-japonica hybrids implying that substantial 

numbers of male gametes are aborted in the hybrids. Genetic analysis as well as selection is 

important for developing hybrids with sound pollen. Synchronization of flowering between 

indicas and japonicas is necessary for seed production.  

 Zeng et al. (1997) reported the order of magnitude of heterosis to be 

indica/japonica > indica/javanica > indica/indica hybrids. Low seed setting and low grain-

straw ratio were the main problem for utilization of indica/japonica hybrids.  

 Dwivedi et al. (1998) observed moderate to high heterosis for yield and 10 related 

character in 45 crosses involing 6 indica (I) and 4 tropical japonica (J) varieties of rice in 

three (E1- optimum sowing and high fertility, E2- optimum sowing and optimum fertility 

and E3- late sowing and high fertility) environments. Trends in magnitude of heterosis for 

grain yield and plant height were IxJ > I x I > J x I and for days to 50 per cent flowering I x 

J > j x J > I x I. Estimates of standard heterosis for grain yield were -64.5 to 146.1 per cent 

in E1, -70.4 to 82.2 per cent in E2 and -67.2 to 63.8 per cent in E3. Environment E1 

seemed to be more favourable for higher heterosis expression than others. Higher heterosis 

in yield also accompanied heterosis in panicle number, dry matter and spikelet and grain 

number per panicle. Most estimates for days to flowering were negative. Heterotic I × J 
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hybrids also recorded maximum heterosis for earliness. Moderate to low standard heterosis 

for plant height across environment (2.0-13.07%) was recorded. Hybrids were identified in 

specific environments for direct exploitation in hybrid breeding. Hybrids B 4116 × Sarjoo 

52, B 4122 × Plant Dhan 4 an B 4122 × Narendar 359 were more stable than others over 

the three environments.  

 Lopez and Virmani (2000) studied heterosis using TGMS lines and reported 1.0-

1.6 t/ha higher grain yield in some heterotic hybrids than the inbred check varieties in 

unreplicated observational yield trials conducted at IRRI. Two of the six two line hybrids 

yielded significantly higher than the check in a replicated preliminary yield trial. 

 Saxena (2000) estimated heterosis for 22 morpho-physiological characters in 88 crosses 

derived from 22 line representing 14 elite tropical japonica (TJ), five indica (I) and three japonica 

(J) and four testers-one TJ and Aus (A) each and two I – under optimum (120N: 60P: 40K kg/ha) 

fertility environments and reported high to moderate degree of heterosis, heterobeltiosis and 

standard heterosis for grain yield and most of its components under optimum and high fertility 

environments. Estimates of standard heterosis (%) for grain yield ranged between – 96.71 to 

259.98 and -90.79 to 700.24 in optimum fertility and high fertility environments, respectively. 

The hybrids manifesting maximum heterosis for grain yield were IR 65600-77-4-2/Dular, IR 

65598-152-1-5-2/Plant Dhan 4 and Akihikari/Dular under optimum fertility, high fertility and 

pooled environments, respectively. 

 Vijayakumar et al. (2002) highlighted the importance of TGMS system for 

developing heterosis indica/japonica hybrids as existing CMS source among tropical 

japonica germplasm lacks the restorer genes (Rf). They also reported 25-30 per cent 

heterosis in indica/tropical japonica hybrids over the best check IR 36. 

 Kumari et al. (2003) conducted a trial with 42 hybrids involving indica/japonica 

crosses. The results revealed that the hybrid Palawan/ASD 18 and BPI 76(G)/ASD 18 had 

the highest standard heterosis for the number of grains per panicle and single plant yield, 

respectively. This shows that these hybrids can be utilized for further yield improvement.  

 Wang et al. (2004) analyzed P1, P2, F1, B1, B2 and F2 of indica-japonica hybrid of 

3037/02428 by the major gene and minor gene mixed inheritance model. The research showed 

that apart from single major gene, the wide compatibility (WC) gene inheritance is also 
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affected by minor genes. Not only major genes effect on fertility but also minor gene’s effect 

should be considered when utilize WC to overcome semisterility between subspecies.  

 Yang et al. (2004) studied the breeding and application of rice wide compatibility 

restorer (WCR) line D069, D069 is a new WCR line and an indica-japonica filial 

generation. It was bred via pedigree selection during 1987-2002 in Sichuan, China by 

crossing the medium japonica WCR line 02428 as female parent with the multiple cross 

progenies as male parents (derived from indica restorer line IR 26 × indica). It showed 

good plant type, strong tillering ability and good restorability. Some of its F1 hybrids 

displayed obvious heterosis and were technically identified in Sichuan during 2001-02. 

 Ji et al. (2005) reported the precise location of the S5
n
 gene. In the first-pass 

mapping, the S5
n
 gene was restricted within a 200 kb region by using a population of 

242 isogenic lines in combination with high-density markers developed in the S5 

region. In the fine mapping, the S3 region was further saturated with newly developed 

markers and more isogenic lines (549 in total) were investigated. Eventually, the S 5
n
 

gene was mapped within a 50 kb region delimited by the left makers J 13 and the right 

marker J 17. One BAC clone screened from the BAC library of the WC rice variety 

02428 covered the whole S5 region. Sequence analysis of the 50 kb region revealed two 

candidate genes, coding an aspartyl protease and a hypothetical protein. This result 

would greatly accelerate both cloning and marker-assisted selection of this important 

S5
n
 gene.  

Xin et al., (2011) the study on the genetic basis of heterosis has received 

significant attention in recent years. In this study, using a set of introgression lines (ILs) 

and corresponding testcross F1 populations, we investigated heterotic loci (HL) 

associated with six yield-related traits in both Oryza sativa L. subsp. indica and japonica. 

A total of 41 HL were detected on the basis of mid-parent heterosis values with single-

point analysis. The F1 test-cross population showed superiority in most yield-related 

traits and was characterized by a high frequency of overdominant HL. Thirty-eight of the 

41 HL were overdominant, and in the absence of epistasis, three HL were dominant, 

suggesting that heterotic effects at the single-locus level mainly appeared to be 

overdominant in rice. Twenty-four HL had a real positive effect, suggesting that they are 

viable candidates for the improvement of rice yield potential. Compared with the 
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quantitative trait loci (QTLs) detected in the ILs, only six out of the 41 (14.6%) HL were 

detected in QTL analysis under the same statistical threshold, indicating that heterosis 

and trait performance may be conditioned by different sets of loci. 

Dan et al., (2014) in this study, five indica and seven japonica rice varieties were 

chosen as the parental lines of a complete diallel mating design. Data from six group traits 

from all of the hybrids and inbred lines were collected. We found that the grain weight per 

plant, grain number per panicle, tiller per plant, thousand grain weight and plant height, 

which reflected increased heterosis, were associated with the genetic divergence index 

(GDI) of the parents. Meanwhile, owing to the reduced seed setting rate, which was also 

associated with the parents' GDI, the grain production of the hybrids was negatively 

affected. After analyzing the relationships between the GDI of indica-japonica parents and 

the grain weight per plant of the F1 hybrids, an ideal GDI value (0.37) for the two indica-

japonica parents that could provide an optimal balance between the inter-subspecific 

heterosis and reproductive isolation was proposed. Our findings will help in the strategic 

design of an inter-subspecific hybrid rice breeding program by identifying the 

ideal indica and japonica parents for a hybrid combination to achieve hybrid rice with an 

optimal yield. This strategic design of an inter-subspecific hybrid rice breeding program 

will be time saving and cost effective. 

2.4 Molecular characterization of TGMS lines with SSR primers 

Temnykh et al., (2000)  In order to enhance the resolution of an existing genetic 

map of rice, and to obtain a comprehensive picture of marker utility and genomic 

distribution of microsatellites in this important grain species, rice DNA sequences 

containing simple sequence repeats (SSRs) were extracted from several small-insert 

genomic libraries and from the database. One hundred and eighty eight new microsatellite 

markers were developed and evaluated for allelic diversity. The new simple sequence 

length polymorphisms (SSLPs) were incorporated into the existing map previously 

containing 124 SSR loci. The 312 microsatellite markers reported here provide whole-

genome coverage with an average density of one SSLP per 6 cM. In this study, 26 SSLP 

markers were identified in published sequences of known genes, 65 were developed based 

on partial cDNA sequences available in GenBank, and 97 were isolated from genomic 

libraries. Microsatellite markers with different SSR motifs are relatively uniformly 

distributed along rice chromosomes regardless of whether they were derived from genomic 
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clones or cDNA sequences. However, the distribution of polymorphism detected by these 

markers varies between different regions of the genome. 

Reddy et al., (2000) the microsatellite RM257, located earlier on chromosome 9, 

was linked with the TGMS trait in SA2 at a distance of 6.2 cM. RM257 produced a co-

dominant polymorphism with 145-bp (sterile) and 132-bp (fertile) products. Both 

individually and collectively, the markers TS200 and RM257 located on either side of the 

TGMS locus are very useful for marker-assisted selection. 

Wang et al., (2003) Results on the F2 population, 30 SSR primer pairs flanking the 

tms5 gene on chromosome 2 were selected to fine map the tms5 gene using the RIL 

population. As a result, 11 primer pairs (RM492, RM279, RM327, RM324, RM341, RM6, 

RM263, RM262, RM166, RM208, and OSR28) amplified polymorphism between the two 

parents. Following identification with a large number of the RIL plants, it was found that 

RM492, on the short arm of Chromosome 2 near the centromere region, was located apart 

from the tms5 gene at a distance of 5.4 cM and RM279 was located on the other side of 

tms5 gene at a distance of 19 cM. 

Siwach et al. (2004) identified a total of 229 alleles were detected at the 50 SSR 

loci and 49 alleles were in fact present in only one of the 24 varieties. The size difference 

between the smallest and largest allele varied from 1 (RM333) to as high as 82 (RM206). 

Multiple alleles were observed at 13 loci. Polymorphism information content (PIC) values 

ranged between 0.0 (RM167) to 0.78 (RM170), with an average of 0.62 per marker 

De Alcochete et al., (2005) The objective of this work was to select and use 

microsatellite markers, to map genomic regions associated with the genetic control of 

thermosensitive genic male sterility (TGMS) in rice. An F2 population, derived from the 

cross between fertile and TGMS indica lines, was used to construct a microsatellite-based 

genetic map of rice. The TGMS phenotype showed a continuous variation in the segregant 

population. A low level of segregation distortion was detected in the F2 (14.65%), whose 

cause was found to be zygotic selection. There was no evidence suggesting a cause-effect 

relationship between zygotic selection and the control of TGMS in this cross. A linkage 

map comprising 1,213.3 cM was constructed based on the segregation data of the F2 

population. Ninety-five out of 116 microsatellite polymorphic markers were assembled 

into 11 linkage groups, with an average of 12.77 cM between two adjacent marker loci. 
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The phenotypic and genotypic data allowed for the identification of three new quantitative 

trait loci (QTL) for thermosensitive genic male sterility in indica rice. Two of the QTL 

were mapped on chromosomes that, so far, have not been associated with the genetic 

control of the TGMS trait (chromosomes 1 and 12). The third QTL was mapped on 

chromosome 7, where a TGMS locus (tms2) has recently been mapped. Allelic tests will 

have to be developed, in order to clarify if the two regions are the same or not. 

Giarrocco et al. (2007) surveyed sixty-nine accessions with 26 simple sequence repeat 

(SSR) markers revealing the genomic relationship among cultivars. A total of 219 polymorphic 

bands were detected. Cluster analysis based on pair-wise comparisons of cultivar, genetic 

similarities resolved  the O. sativa accessions into two major O. sativa groups, indica and 

japonica, and  the japonica group into the subgroups,  tropical and temperate. These clusters 

agree with the pedigree information available on the accessions and almost all Argentina-

released cultivars grouped within the japonica cluster. Application of DNA polymorphism 

analysis revealed genomic relationships in Argentine rice germplasm, generating a database 

useful for cultivar identification, local germplasm conservation, and breeding programs. 

Singh et al. (2009) constructed molecular profiling of basmati and non-basmati indica 

rice varieties were made by using the Inter-SSR-PCR and SSR-PCR assays. The amplification 

products were analyzed using gel electrophoresis. The distance matrix and cluster analysis was 

made following UPGMA method. All the varieties were clustered in two major groups 

belonging to irrigated agro eco-system and aerobic agro eco-system. Twelve basmati varieties 

including traditional and evolved varieties were grouped generally in four clusters. Twenty-

two varieties of aerobic rice were clustered in to a single major cluster. 

Shah et al. (2010) nearly 30 SSR markers have been used; of which 9 markers 

were selected from the genomic regions of chromosome 1 and 10 on which Rf3 and Rf4 

genes were located. Among 30 SSR markers used, 25 SSR loci generated polymorphic 

patterns and a total of 231 alleles were amplified. The number of alleles per locus ranged 

from 5 to 17 with a mean of 9.4 alleles per locus. The PIC values for 25 SSR markers 

varied from 0.74 (RM195, RM10318, and RM258) to 0.92 (RM302). 

Singh et al., (2011) a set of morphological traits and SSR markers were used to 

determine the genetic relationship among 12 elite thermosensitive genic male sterile (TGMS) 

lines developed at three different research institutions of India. Agro-morphological data 
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recorded on 20 morphological traits revealed a wide base of genetic variation and a set of four 

morphological traits could distinguish most of the TGMS lines. Analysis with 30 SSR markers 

(20 EST-SSRs and 10 genomic SSRs) revealed 27 markers to be polymorphic, amplifying a total 

of 83 alleles. Each SSR marker amplified 2–6 alleles with an average of 2.76 alleles per marker 

and a PIC value varying from 0.54 to 0.96. Cluster analysis based on SSR and morphological 

data clearly differentiated the lines according to their source of origin. Correlation analysis 

between morphological and molecular data revealed a very poor association (r = 0.06), which 

could be attributed to selection pressure, genetic drift, sampling error and unknown relationship 

among related lines. The SSR markers discriminated the genotypes distinctly and quantified the 

genetic diversity precisely among the TGMS lines. Data on the yield per plant indicated that the 

genotypes grouping under a similar cluster showed same heterotic behaviour as compared to the 

genotypes from different clusters when crossed to similar pollinators. 

Matthayatthaworn et al., (2011) in this study, a TGMS line showing non-pollen 

type thermo-sensitive genic male sterility was used. Crossing between TGMS line (female 

parent) and normal pollen varieties; CNT1 and PTT1 (male parent) were performed and F1 

and F2 populations were develop for each crosses. The phenotypic segregation ratio, 3:1 

(fertile: sterile pollens) observed in F2 populations of TGMS/CNT1 and TGMS/PTT1 

crosses confirmed that the non-pollen type thermo-sensitive genic male sterility is 

controlled by a single recessive gene. The bulk segregant analysis (BSA) using simple 

sequence repeat (SSR) markers were deployed to identify the location and genetic effect of 

this gene. We have generated new set of SSR markers to identify progenies carrying TGMS 

gene in a cross TGMS/PTT1. The TGMS gene was located on chromosome 2 with 0.0 cM 

distance from T2 marker. This TGMS gene was located in the same region of previous 

identified tmsX gene. It might be the same allele of this gene of 2 different lines. This 

marker could be used for marker assisted backcrossing to transfer TGMS gene for 

developing female parent in two line hybrid rice system. 

Sajib et al. (2012) a total of 24 SSR markers were used across 12 elite aromatic 

rice genotypes for their characterization and discrimination. Among these 24 markers 9 

microsatellite markers were showed polymorphism. The number of alleles per locus ranged 

from 2 alleles (RM510, RM244, and RM277) to 6 alleles (RM 163), with an average of 

3.33 alleles across 9 loci obtained in the study. The polymorphic information content 

values ranged from 0.14 (RM510) to 0.71 (RM163) in all 9 loci with an average of 0.48.  



Review of Literature ………… 

Mahalingam  et al. (2013) studied the genetic divergence among 51 restorer and 

five maintainer lines in terms of grain quality and fertility restorer genes (Rf3, Rf4 and 

Rf7) using 55 primers of simple sequence repeat (SSR) markers. Among them, 37 SSR 

markers were found to be polymorphic and the number of amplified fragments ranged 

from one to five. The highest polymorphic information content (PIC) value (more than 

0.60) was observed for eight primers viz., AB 443, RM 3, RM 29, RM 226, RM 228, RM 

304, RM 1812 and RM 3873 and average PIC value was 0.444. Cluster analysis using 

NTSYS generated dendrogram divided all the 56 parental lines into two distinct groups 

viz., maintainer line (Group I) and restorer line (Group II) at 76% coefficient of similarity. 

Maintainer line group consisted of five genotypes (COMS 23B, COMS 24B, COMS 25B, 

CRMS 31B and CRMS 32B) and restorer line group had 51 genotypes. Further, at 80% 

similarity, all fifty one restorer lines were again grouped into nine clusters. With higher 

polymorphism revealed by SSR markers, parental lines having the similar genetic 

background from pedigree information were grouped into different clusters. The 

combination of pedigree analysis and SSR markers could be a more reliable method to 

study the diversity and grouping of parental lines of hybrid rice. Hybridization between 

diverse restorer and CMS groups identified from this study would be expected to yield 

hybrid combinations with premium grain quality and good fertility restoration.  

Celine et al., (2014) Two TGMS lines introduced from IRRI namely EC 720903 

and EC 720904 were evaluated along with Uma and Jyothi, two popular male fertile rice 

varieties of Kerala at monthly intervals from January 2012 to December 2013. The male 

sterile lines showed 100% male sterility during April- May, September - October and 

January- March months indicating the suitability of the lines as donors of male sterility. 

Male sterile and fertile lines differed morphologically. TGMS and non TGMS lines 

differed at molecular level for TGMS gene specific marker RM 3351. The study proves the 

potential of the TGMS lines to be used as donor parent to transfer male sterility to popular 

varieties of Kerala by marker assisted back cross breeding 
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Chapter-3 MATERIALS AND METHODS   

 

The present investigation was carried out at the Norman E. Borlaug Crop Research 

Center of Govind Ballabh Pant University of Agriculture and Technology, Pantnagar, 

Uttarakhand (India) during 2013 and 2014. The details of experimental method, materials 

and statistical techniques followed during course of the investigation have been discussed 

as below. 

3.1 EXPERIMENTAL MATERIAL: 

The experimental material was comprised of a total eighteen TGMS lines, four 

testers and their seventy two F1’s along with four checks (Table-3.1).  

Table-3.1: TGMS lines, testers and their pedigree 

Line No.  TGMS Lines Parentage 

TGMS-1 UPRI-99-70-1                                                         UPRI 95-140 TGMS / UPRI 95-141 

TGMS-2 UPRI-99-71-1                                                          UPRI 95-140 TGMS / UPRI 95-150 // UPRI 95-162 

TGMS-3 UPRI-99-71-2                                                         UPRI 95-140 TGMS / UPRI 95-150 // UPRI 95-162 

TGMS-4 UPRI-99-73-1                                                         UPRI 95-140 TGMS / IR 36 // IR Basmati  

TGMS-5 UPRI-99-73-2 UPRI 95-140 TGMS / IR 36 // IR Basmati 

TGMS-6 UPRI-99-73-3 UPRI 95-140 TGMS / IR 36 // IR Basmati 

TGMS-7 UPRI-99-73-4 UPRI 95-140 TGMS / IR 36 // IR Basmati 

TGMS-8 UPRI-99-74-3 UPRI 95-140 TGMS / IR BB 21 // IR Basmati 

TGMS-9 UPRI-99-79-1 UPRI 95-140 TGMS / UPRI 95-141 // UPRI 95-162 

TGMS-10 UPRI-99-60-1 UPRI 95-140 TGMS / UPRI 95-141 

TGMS-11 UPRI-99-72-1 UPRI 95-140 TGMS / UPRI 95-150 // UPRI 95-161 

TGMS-12 UPRI-99-72-3 UPRI 95-140 TGMS / UPRI 95-150 // UPRI 95-161 

TGMS-13 UPRI-99-72-4 UPRI 95-140 TGMS / UPRI 95-150 // UPRI 95-161 

TGMS-14 UPRI-99-74-1 UPRI 95-140 TGMS / IRBB-21 // IR Basmati 

TGMS-15 UPRI-99-74-4 UPRI 95-140 TGMS / IR BB 21 // IR Basmati 

TGMS-16 UPRI-99-75-1 UPRI 95-140 TGMS / IRBB-21 // UPRI-95-150 

TGMS-17 UPRI-99-78-1 UPRI 95-140 TGMS / IR 66159-131-4-3-2 

TGMS-18 UPRI-97-60-8 UPRI 95-140 TGMS / UPRI 95-140-1 

1 Pant Basmati-1                                                      Pusa Basmati / IET 12603 (UPR 908-11-1-1-5) 

2 Pant Dhan-4                      IR 262 / Remadja 

3 Pant Dhan-12                                        Govind / UPRM 201-1-1 

4 UPRI-93-287R                 MDC 19340 
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Checks 

1 Pant Sankar Dhan-1 

2 Pant Sankar Dhan-3 

3 UPRH-128 

4 UPRH-131 

3.2 Observations recorded: observations were recorded on five randomly selected plants 

from each plot of each replication. 

1. Days to 50% flowering 

 Number of days taken from the date of sowing to the date when 50 per cent plants 

flowered was recorded on plot basis. 

2. Plant height 

Plant height was measured in cm from the ground level to the tip of the panicle 

excluding awns on the main tiller of the plant just before harvesting. 

3. Panicle length 

It was measured in cm from the neck to the tip of the panicle excluding awn. 

4. Number of panicles per plant 

The total number of panicles per plant counted at maturity just before harvesting. 

5. Spikelet number per panicle  

Total number of spikeletes from the panicle of main tiller were counted and 

recorded. 

6. Number of grains per panicle 

Total number of filled spikeletes of a panicle of main tiller counted and recorded. 

7. Per cent spikelet fertility 

It was calculated as the proportion of number of filled spikelets to the total number 

of spikeletes multiplied by 100. 

8. 1000 grain weight 

A sample of 1000 seeds fully developed and dried were taken from each plot and 

weighed in grams on sartorious electronic precision balance. 



Materials and Methods ………….. 

9. Grain yield per plant  

Individual plant was harvested, threshed and dried and weighed for recording grain 

yield (g) using Sartorious electronic precision balance.  

10. Harvest index 

Harvest index was calculated as percentage by using the following formula: 

Harvest Index % = 
𝐺𝑟𝑎𝑖𝑛  𝑦𝑖𝑒𝑙𝑑  𝑝𝑒𝑟  𝑝𝑙𝑎𝑛𝑡  (𝑔)

𝑇𝑜𝑡𝑎𝑙  𝑑𝑟𝑦  𝑚𝑎𝑡𝑡𝑒𝑟  𝑦𝑖𝑒𝑙𝑑  𝑝𝑒𝑟  𝑝𝑙𝑎𝑛𝑡  (𝑔)
 × 100 

3.3 Evaluation of TGMS lines 

The following sixteen traits were taken for floral and morphological 

characterization of TGMS lines in order to identify the promising lines which can be 

included in two line hybrid development.  

Table-3.2: Characters observed for morphological evaluation of TGMS lines 

S. No. Characters Explanation 

1 Days to 50% flowering Number of days taken from the date of sowing to the 

date when 50 per cent plants flowered was recorded on 

plot basis. 

2 Plant height Plant height was measured in cm from the ground 

level to the tip of the panicle excluding awns on the 

main tiller of the plant just before harvesting. 

3 Number of tillers per plant Total number of tillers per plant were counted. 

4 Number of spikelets Total number spikelets per panicle  

5 Panicle type Type of panicle whether the compact or open   

6 Panicle length It was measured in cm from the neck to the tip of the 

panicle excluding awn. 

7 Apiculous pigmentation Apiculous is the tip portion of grain, phenotypically 

observed the color of tip.  

8 Stigma color Color of the stigma observed after seeing the stigma 

9 Awning After emergence of panicle observed that whether awn 

present or absent 
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10 Anthesis time The time at which florets starts to open. 

11 Anthesis time duration (min.) The time duration from opening to closing of florets. 

12 Glume angle At the time of flowering, three well-opened florets of 

the primary panicle were collected. The angle of the 

opened florets (angle between lemma and palea) was 

measured using protractor and expressed in degree. 

13 Panicle exsertion % Panicle exsertion rate is measured as the ratio of 

length of panicle that comes out from flag leaf sheath 

to the total length of panicle and expressed in 

percentage. 

14 Stigma exsertion % The ratio of spikelets with exerted stigma to the total 

number of spiketlets in the panicle was considered as 

stigma exsertion rate and expressed in percentage. 

15 Stem color The color of the lower portion of the stem 

16 Pollen sterility Pollen sterility or fertility was estimated by using 1% 

iodine potassium iodide (I-KI2) solution. Anthers were 

collected from three randomly selected spiketlets (top, 

middle and bottom) and pollen grains were tweezed 

out of the anther on glass slide. The fertile (fully 

stained) and sterile pollen grains (unstained) were 

counted in five microscopic fields under a light 

microscope. Pollen sterility was calculated in 

percentage. 

Formulas: 

Stigma exsertion rate (%) = 
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑠𝑝𝑖𝑘𝑒𝑙𝑒𝑡𝑒𝑠  𝑤𝑖𝑡   𝑒𝑥𝑠𝑒𝑟𝑡𝑒𝑑  𝑠𝑡𝑖𝑔𝑚𝑎

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑠𝑝𝑖𝑘𝑒𝑙𝑒𝑡𝑒𝑠  𝑖𝑛  𝑡𝑒  𝑝𝑎𝑛𝑖𝑐𝑙𝑒
 × 100 

Panicle exsertion rate (%) = 
𝐿𝑒𝑛𝑔𝑡   𝑜𝑓  𝑡𝑎𝑡  𝑐𝑜𝑚𝑒𝑠  𝑜𝑢𝑡  𝑓𝑙𝑎𝑔  𝑙𝑒𝑎𝑓  𝑠𝑒𝑎𝑡 

𝑇𝑜𝑡𝑎𝑙  𝑙𝑒𝑛𝑔𝑡   𝑜𝑓  𝑝𝑎𝑛𝑖𝑐𝑙𝑒
 × 100 

Pollen sterility percent = 
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑓  𝑠𝑡𝑒𝑟𝑖𝑙𝑒  𝑝𝑜𝑙𝑙𝑒𝑛  𝑔𝑟𝑎𝑖𝑛𝑠

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑜𝑙𝑙𝑒𝑛  𝑔𝑟𝑎𝑖𝑛𝑠  (𝑓𝑒𝑟𝑡𝑖𝑙𝑒  𝑎𝑛𝑑  𝑠𝑡𝑒𝑟𝑖𝑙𝑒 )
 × 100 
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3.4 Statistical analysis 

The F1’s crosses planted in randomized block design along with three replications. 

3.4.1 Analysis of variance 

The steps involved in the analysis of randomized block design were described by 

Panse and Sukhatme (1961). 

Table-3.3: Analysis of variance 

Source of 

variance 

d.f. Mean Square Expected mean 

square 

F Value 

Replication r-1 MSr σ
2

e + gσ
2

r  

Genotypes t-1 MSt σ
2

e   +  rσ
2

g MSt/MSe 

Error   (r-1)(t-1) MSe σ
2

e  

Total (rt-1)    

Where,  

r =   number of replications    

t =  number of genotypes (treatments)   

d.f.=  degree of freedom  

MSr=  Mean square of replication  

MSt=  Mean square of treatment  

MSr=  Mean square of error 

a) Phenotypic variance (σ
2

p)  =  (σ
2

g + σ
2

e) 

b) Genotypic variance (σ
2

g ) =  (MSt – MSe)/ r 

c) Error variance     ( σ
2

e)  = MSe 

3.4.2 Heritability 

Heritability in broad sense h
2

[b] was calculated for each character as a ratio of 

genotypic variance to phenotypic variance following  Allard (1960). 

[𝑏]
2 =  

𝜎𝑔𝑖
2

𝜎𝑝𝑖
2  x 100 

Where, 

h
2

(b)  =  Heritability in broad sense 

σ
2

gi=  Genotypic variance of character ‘i’ 
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σ
2

pi=  Phenotypic variance of character ‘i’ 

Heritability values were categorized according to Johnson et al. (1955) as follows:  

Low = Less than 0.30, Moderate = 0.30 – 0.60 and High = More than 0.60. 

3.4.3 Genetic Advance 

The expected genetic advance under selection for different characters under study 

was estimated by following Allard (1960). 

G.A.  =   h
2

(b)σpi × K 

Where, 

            G.A. =  Expected genetic advance 

            h
2

(b)
   
 =   Heritability in broad sense 

            σpi =  Phenotypic standard deviation of character ‘i’ 

            K       =   Intensity of selection constant, the value of which is 2.06 which is the 

selection differential at 5% selection intensity as given by Lush, 1949. 

Genetic advance as percent of means for each character was calculated as suggested 

by Johnson, Robinson and Comstock (1955). 

G.A.(% of mean) = 
G.A.

Mean
×100 

Where, 

G.A.=  Expected genetic advance 

Mean  =  General mean of the character 

The range of genetic advance in percentage of mean was classified as suggested by 

Johnson et al. (1995).  

Low = less than 10%, moderate = 10-20% and high = more than 20% 

3.4.4 Combining ability analysis 

The combining ability analysis for parental genotypes and their crosses were 

carried out following Kempthorne, 1957. 

3.4.4.1 Line × Tester Analysis 

Separate pooled data with lines as rows and columns as testers is tabulated in a two 

way table, using it we can work out the following sum of squares: 
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S.S. due to lines: (crosses) C.F.
 testers nsreplicatio of No.

lines/rows of squares of Sum



 

S.S. due to testers: (crosses) C.F.
lines  nsreplicatio of No.

olumns testers/cof squares of Sum



 

S.S. due to line × tester:  = S.S. (crosses) ─ S.S. (lines) ─ S.S. (testers) 

Using these S.S. values ANOVA table is made as follows 

Table-3.4: ANOVA with Line × Tester analysis 

Source of 

variation 

d.f. Sum of square 

(S.S.) 

Mean of square 

(M.S.) 

F value 

Replications (r-1) R.S.S. RSS/(R-1)  

Lines (l-1) L.S.S. LSS/(l-1) MSl/MSlt 

Testers (t-1) T.S.S. TSS/(t-1) MSt/MSlt 

Line × Tester (l-1)(t-1) L.T.S.S. LTSS/(l-1)(t-1) MSlt/MSe 

Error (r-1)(t-1) E.S.S. ESS/(r-1)(t-1)  

Now, whole of the information can be compiled in one table excluding the parents 

as well as follows 

Table-3.5: ANOVA for Line × Tester analysis excluding parents 

Source of 

variation 

d.f. Sum of 

squares 

Mean sum of 

squares 

F values Expectation 

Replications (r) (r-1) SSr SSr/ (r-1)=MSr MSr/ MSe …….. 

Hybrids (c) (c-1) SSc SSc/ (c-1)=MSc MSc/ MSe …….. 

Female in 

Hybrids (fh) 

(f-1) SSfh SSfh/ (f-1)=MSfh MSfh/ MSe σr
2 
+ rCov 

(FS)-2Cov 

(HS)+ mrCov 

(HS) 

Males in 

Hybrids 

(m-1) SSmh SSmh/ (m-1)=MSmh MSmh/ MSe σr
2 
+ rCov 

(FH)-2 Cov 

(HS)+frCov(

HS) 

Line × Tester 

or fh x mh 

(f-1) 

(m-1) 

SSfmh SSfmh/(f-1)(m-

1)=MSfmh 

MSfmh/MSe σr
2 
+ rCov 

(FH)-2 Cov 

(HS) 

Error (c-1)  

(r-1) 

SSe ESS/(R-1)(T-1)=MSe  σe
2
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It is to be noted that here M.S. due to lines (MSl) and testers (MSt) are to be tested 

against the M.S. due to lines × tester (MSlt). The latter in turn, tested against M.S. due to 

error (MSe). 

3.4.4.2 Estimation of GCA effects 

(a). Lines: 
rtl

...x
–

r.t

..x
g i

i   

Where,  

gi = general combining ability effects of i
th

 line. 

xi.. = total of i
th

 line over all the testers and replications. 

x… = sum of all the (l×t) crosses over all the replications. 

l  = no. of lines 

t  =no. of testers 

r  = no. of replications. 

(These notations will be used same in proceeding formulae). 

(b). Testers: 
rtl

...x
–

rl

..x
g

j
t   

Where,  

gi = general combining ability effects of i
th

 tester. 

xj = total of j
th

 tester over all the lines and replication, 

x…  =sum of all the (l ×t) crosses over all the replications. 

Further this can be checked by: ∑gi= 0 

3.4.4.3 Estimation of SCA effects 

The SCA effects for individual lines can be tabulated using the following formula:  

rtl

...X

rl

..X

rt

..X

r

.X
S

jiij
ij   

Check: 0SSS
j

ij

ij

ij

i

ij    

Where,  

Sij = specific combining ability of cross between i
th

 line and j
th

 tester.  

Xij = total of ij
th

 combination over all the replications. 
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3.4.4.4 Standard Error for combining ability effects 

S.E. (gca for line)  = 
tr

Me


 

S.E. (gca for tester)  = 
lr

Me


 

S.E. (sca effect)  = 
r

Me
 

S.E. (gi-gj) line  = 
tr

M2 e


 

S.E. (gi-gj) tester  =
lr

M2 e


 

S.E. (sij-stl)   = 
r

M2 e
 

Where,  

 Me  = Mean sum of square of error  

3.4.4.5 Genetic Components 

Genetic components were calculated following Singh and Chaudhary (1985) as 

mentioned below: 

Covariance of half-sib of line = Cov. H.S. (line) = 
𝑀𝑙−𝑀𝑙×𝑡

𝑟𝑡
  

Covariance of half-sib of tester = Cov. H.S. (tester) = 
𝑀𝑙−𝑀𝑙×𝑡

𝑟𝑙
 

Covariance of full-sib = 
(Ml-Me)+(𝑀𝑡−𝑀𝑒)+(𝑀𝑙×𝑡−𝑀𝑒)

3r
+

6𝑟𝐶𝑜𝑣 .𝐻.𝑆.−𝑟 𝑙+𝑡 𝐶𝑜𝑣 .𝐻𝑆

3𝑟
 

While, Cov. H.S. (average) was calculated by the formula given below: 

Cov. H.S. (average) =
1

𝑟(2𝑙𝑡−𝑙−𝑡)
 
𝑙−1 𝑀𝑙 + 𝑡−1 (𝑀𝑡)

𝑙+𝑡−2
− 𝑀𝑙×𝑡  

Assuming no epistasis, variance due to GCA (σ
2

gca) and variance due to SCA (σ
2

sca) were 

calculated as followed: 

 

σ
2

gca = Cov. H.S. =  
1+𝐹

4
 𝜎𝐴

2               

  σ
2

sca  = 𝐶𝑜𝑣. 𝐹. 𝑆. −2𝐶𝑜𝑣. 𝐻. 𝑆. =  
1+𝐹

2
 

2

𝜎𝐷
2 

or 
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2 σ
2

gca = 𝜎𝐴
2 

σ
2

sca = 𝜎𝐷
2 

Where,  

Ml = Mean sum of square of lines 

Mt  = Mean sum of square of testers 

Me  =Mean sum of square of error. 

σ
2
gca  = cov H.S = [1 + F/4] σ

2
A 

σ
2
sca  = Mlt – Me/r = [1 + F/4]

2
σ

2
D 

Additive and dominance genetic variances (σ
2

A and σ
2

D) were calculated by taking 

inbreeding coefficient (F) equal to one i.e. F= 1 as cited by Singh and Narayanan (2004). 

3.4.4.6 Gene action and degree of dominance 

Ratio of 𝜎𝑔𝑐𝑎
2 𝜎𝑠𝑐𝑎

2   less than 1 was taken as preponderance of non-additive type of 

gene action, greater than 1 as additive and equal to 1 was taken as equal effects of additive 

and non-additive type of gene action. Similarly ratio of  𝜎𝐴
2 𝜎𝐷

2  less than 1 was taken as 

preponderance of non-additive type of gene action, greater than 1, as additive and equal to 

1 was taken as equal effects of additive and non-additive type of gene action also. Degree 

of dominance was calculated by the formula   (𝜎𝐷
2 𝜎𝐴

2   Value of   (𝜎𝐷
2 𝜎𝐴

2   less than 1, 

was taken as preponderance incomplete dominance, greater than 1, as over-dominance and 

equal to 1 was taken as equality of complete dominance. All calculations were computed 

following Singh and Chaudhary (1985). 

3.4.4.7 Proportional contribution of lines, testers and line × tester interaction 

Contribution of lines, testers and their interaction to the total variance were 

calculated in accordance with Singh and Chaudhary (1985). 

Contribution of lines = 
𝑆𝑆(𝐿𝑖𝑛𝑒𝑠 )

𝑆𝑆(𝐶𝑟𝑜𝑠𝑠𝑒𝑠 )
 × 100 

Contribution of Tester = 
𝑆𝑆(𝑇𝑒𝑠𝑡𝑒𝑟 )

𝑆𝑆(𝐶𝑟𝑜𝑠𝑠𝑒𝑠 )
 × 100 

Contribution of Line × Tester = 
𝑆𝑆(𝐿𝑖𝑛𝑒  ×𝑇𝑒𝑠𝑡𝑒𝑟 )

𝑆𝑆(𝐶𝑟𝑜𝑠𝑠𝑒𝑠 )
 × 100 

Where, SS (lines), SS (testers), SS (crosses) and SS (line × tester) were the sum of square 

of lines, testers, crosses and line × tester, respectively. 
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3.4.4.8 Testing the significance of GCA and SCA effects 

Significance of gca and sca effects was tested by ‘t’ test as below: 

t value for gca effects in lines = g i / SEm g i 

t value for gca effects in testers = g j / SEm g j 

t value for sca effects in crosses = S ij / SEm S ij 

Where, 

gi  = gca effect of i
th

 line 

gj  = gca effect of j
th

 tester 

S ij = sca effect of the ij
th

 combination 

SEm g i  = standard error of mean for lines 

SEm g j = standard error of mean for testers 

SEm S ij = standard error of mean for crosses 

Calculated value of ‘t’ was tested against table value of ‘t’ at error degree of 

freedom at 5 per cent and 1 per cent levels of significance. 

3.4.4.9 Estimation of heterosis 

Heterosis, expressed as per cent increase or decrease in the performance of F1 hybrid 

over the mid-parent (average or relative heterosis), better parent (heterobeltiosis) and check 

parent (standard heterosis) was computed for each character using the following formula: 

100
MP

MPF
heterosis Relative 1 


  

100
BP

BPF
iosisHeterobelt 1 


  

100
CP

CPF
heterosis Standard 1 


  

Where, 

1F  = Mean performance of F1 hybrid 

1P  = Mean performance of parent one 

2P  = Mean performance of parent two 

BP  = Mean performance of better parent 

CP  = Mean performance of check parent 
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MP  = Mean mid-parental value i.e. (P1+P2)/2 

The significance of heterosis was tested with‘t’ test as given below: 

(a) For standard heterosis 

r/Me2

CPF
t 1   

Where, 

1F  = Mean of F1 hybrid 

CP  = Mean of check parent 

Me = Error mean square from ANOVA table and 

r = Number of replications  

The differences in the magnitudes of relative heterosis, heterosis over male and 

female parents were tested as per the method proposed by Panse and Sukhatme (1961). 

Critical differences (C.D.) were calculated as follows: 

For mid parental heterosis: 

C.D. = 
r

MSe3
× ‘t’ value at error d.f. 

For heterosis over male and female:  

C.D. =
r

MSe2
 ×‘t’ value at error d.f. 

Where,  

r =number of replications 

MSe  = Error mean square 

t =table value of‘t’ at error degree of freedom. 

3.5 Molecular marker analysis: The eighteen TGMS lines of rice used for molecular 

characterization by sixteen SSR markers.  

3.5.1 Genomic DNA Extraction 

CTAB procedure was used for isolation of DNA (Doyle and Doyle, 1990). 
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Protocol followed: 

1. Two gram of fresh rice seedling leaves were ground to fine powder using liquid 

nitrogen and a sterilized, pre-chilled mortar and pestle. 

2. The powder was transferred as fast as possible into 15ml of prewarmed (60
o
C) 

isolation buffer in an oakridge tube. 

3. The oakridges were then incubated in water bath at 60
o
C for 30 minutes. It was 

mixed gently after every 10 minutes. 

4. One volume of chloroform: isoamyl alcohol (24:1) was then added. The tube was 

capped and shaken gently and thoroughly for 10 minutes by hand to ensure 

emulsification of the phase. 

5. Then it was centrifuged for 10 minutes (5000 rpm, room temperature). Then the 

(upper) aqueous phase was extracted once again with fresh chloroform: isoamyl 

alcohol. 

6. The final aqueous phase was transferred to a fresh tube using micropipette with a 

wide bore microtip (that of 1000 µl capacity). 

7. 0.6 volume of chilled isopropanol was added, the tube was capped and mixing was 

done gently but thoroughly by inverting the tube several times. At this stage, the 

DNA-CTAB complex precipitated as a whitish network. The solution was placed at 

-20
o
C for 30 minutes to overnight. 

8. Then it was centrifuged (10 min., 5000rpm, 4
o
C). It was then washed with 

70% ethanol, the pellet was gently agitated for few minutes, and collected by 

centrifugation (10 min., 5000 rpm, 4
o
C). Residual CTAB was removed by 

this step.  

9. The tubes were inverted and drained on a paper towel for about 1 hour taking care 

that pellet does not slip down the wall of the tube. It was ensured that it neither 

contained residual ethanol nor it was too dry. In both cases redissolving might be 

difficult. 

10. An appropriate volume of 1X TE buffer was added (400µl) and the pellet was let 

dissolve at 4
o
C without agitation. 
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Table-3.6: List of SSR marker used for characterization of TGMS lines 

S.No. Primer 

Name 

Gene 

Bank 

accession 

number 

Forward Primer Reverse Primer 

1. RM154 D39059 ACCCTCTCCGCCTCGCCTCCTC CTCCTCCTCCTGCGACCGCTCC 

2. RM190 X65183b CTTTGTCTATCTCAAGACAC TTGCAGATGTTCTTCCTGATG 

3. RM276 CT715 CTCAACGTTGACACCTCGTG TCCTCCATCGAGCAGTATCA 

4. RM336 CTT53 CTTACAGAGAAACGGCATCG GCTGGTTTGTTTCAGGTTCG 

5. RM287 CT838 TTCCCTGTTAAGAGAGAAATC GTGTATTTGGTGAAAGCAAC 

6. RM279 CT743 GCGGGAGAGGGATCTCCT GGCTAGGAGTTAACCTCGCG 

7. RM327 CAT99 CTACTCCTCTGTCCCTCCTCTC CCAGCTAGACACAATCGAGC 

8. RM324 CAT73 CTGATTCCACACACTTGTGC GATTCCACGTCAGGATCTTC 

9. RM341 CTT77 CAAGAAACCTCAATCCGAGC CTCCTCCCGATCCCAATC 

10. RM166 X54046 GGTCCTGGGTCAATAATTGGGTTACC TTGCTGCATGATCCTAAACCGG 

11. RM418 AQ163641 TCGCGTATCGTCATGCATAG GAGCACATATGCCACGTACG 

12. RM335 CTT50 GTACACACCCACATCGAGAAG GCTCTATGCGAGTATCCATGG 

13. RM499 AQ574594 TACCAAACACCAACACTGCG ACCTGCAGTATCCAAGTGTACG 

14. RM424 AQ258181 TTTGTGGCTCACCAGTTGAG TGGCGCATTCATGTCATC 

15. RM592 AC016779 TCTTTGGTATGAGGAACACC AGAGATCCGGTTTGTTGTAA 

16. RM204 AF344025 GTGACTGACTTGGTCATAGGG GCTAGCCATGCTCTCGTACC 

 

3.5.2 Protocol for PCR amplification 

Following protocol will be used with minute modification 

Cycle 

Denaturation Annealing Polymerization 

Temp. Time Temp. Time Temp. Time 

First cycle 94°C 5 min – – – – 

35 cycles 94°C 1 min 55°C 45 sec. 72°C 2 min 

Last cycle – – – – 72°C 5 min 

3.5.3 Purification and quantification of genomic DNA 

The quantification of genomic DNA was done by taking the absorbance on Genesys 

UV spectrophotometer. The optical density was measured at 260 nm and 280 nm. The 

concentration of the DNA in the sample is related to optical density by the following formula: 



Materials and Methods ………….. 

1000

factorDilution   50  OD
  (µg/ml)DNA  of  Conc. 260 


 

The ratio of OD260/280 is an indication of the amount of RNA or protein 

contamination in the preparation. A value of 1.8 is optimum for best DNA preparation. A 

value of the ratio below 1.8 indicates the presence of protein in the preparation and a value 

above 1.8 indicates that the sample has RNA contamination. 

3.5.4 PCR Amplification 

PCR reactions were carried out in 9.4 µl PCR master mix and 2 µl genomic DNA. 

Different SSR primers were taken for amplification. 

3.5.5 Master Mix 

Tdw=6.8 µl, Buffer = 1 µl, dNTPs = 0.40 µl, Taq Polymerase = 0.20 µl and Primer 

= 1 µl boh for Forward and Reverse primer.  

3.5.6 Electrophoresis of amplified product 

PCR products thus obtained were fractionated by using horizontal gel 

electrophoresis assembly by agarose gel. Agarose gel of 2.5% concentration for SSR 

primers were prepared by dissolving the calculated amount of agarose in 10 X TBE buffer 

(Sambrooket al., 1989) and which were examined under the gel-documentation instrument. 

3.5.7 Data analysis 

Gels will be documented using Gel Doc system (Bio-Rad).  Data were scored as 1 

(present) and 0 (absent) for all the alleles of each of the SSR locus. Polymorphism 

information content was computed as 

1 −  𝑃𝑖𝑗2

𝑛

𝑗=1

 

Where, 

Pij is the frequency of the j
th

 allele at the i
th

 locus summed over the number of 

alleles (n). Pair-wise similarity and cluster analysis was done using computer software 

(NTSYS) was used to perform the similarity matrix analysis using ‘UPGMA’ with 

Jaccard’s coefficient of similarity. 
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Chapter-4  RESULT AND DISCUSSION 

 

The results of present investigation are presented under the following sub headings: 

4.1 Analysis of gene action and combining ability of parents and crosses 

4.1.1 Analysis of variance 

4.1.2 Estimates of combining ability effects 

4.1.3 Contribution of lines, testers and line × tester to the total variance 

4.2 Determining the nature and magnitude of heterosis in the hybrids 

4.3 Component of genetic variance 

4.3.1 Heritability and genetic advance  

4.4 Characterization of TGMS (Thermo-sensitive Genetic Male Sterile Line) 

4.4.1 Morphological characterization of TGMS lines 

4.4.2 Molecular characterization of TGMS lines 

4.1 Analysis of gene action and combining ability of parents and crosses 

4.1.1 Analysis of variance 

ANOVAs for ten characters viz., days to 50% flowering, plant height, panicle 

number per plant, panicle length, spikelet number per panicle, grain number per panicle, 

percent spikelet fertility, 1000 grain weight, harvest index and grain yield per plant are 

presented in Table 4.1. Results indicated significant difference for all the traits in crosses 

and line x tester effect, whereas in line all the traits showed significant difference except 

plant height, percent spikelet fertility and 1000 grain weight. For tester the significant 

difference were observed for plant height, panicle length, spikeletes number per panicle, 

grain number per panicle, percent spikelet fertility and 1000 grain weight. These results are 

in line with earlier findings of Ghara et al., (2014). 

4.1.2 Estimates of combining ability effects 

 The GCA and SCA effects of the parents and crosses respectively for various 

characters are given in the Table 4.2 and 4.3. Sprague and Tatum (1942) defined GCA as 

the average performance of a line in a specific hybrid combinations and specific combining 

ability as those cases in which certain combinations are relatively better or worse than 

would be expected on the basis of GCA of their parents. 
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Table 4.1: Line × Tester ANOVA for ten characters 

Source of 

Variations 

df Days to 

50% 

flowering 

Plant 

height 

(cm) 

Panicle 

number 

per plant 

Panicle 

length 

(cm) 

Spikelet 

number per 

panicle 

Grain 

number per 

panicle 

Percent 

spikelet 

fertility 

1000 

grain 

weight 

(g) 

Harvest 

index 

Grain 

yield per 

plant (g) 

Replication 2.00 0.18 9.58 0.06 0.89 25.21 19.27 1.59 0.02 0.31 0.79 

Crosses 71.00 144.83** 114.02** 14.48** 7.58** 3567.11** 2020.29** 92.57** 11.80** 113.48** 326.19** 

Line Effect 17.00 298.06** 81.72 23.22* 9.54** 5290.46** 2312.41* 109.53 7.30 200.00* 695.73** 

Tester Effect 3.00 166.10 1245.42** 12.77 76.12** 29264.29** 14509.41** 297.01* 92.62** 56.40 435.93 

Line * Tester 

Effect 

51.00 92.50** 58.24** 11.66* 2.90** 1481.06** 1188.27** 74.90** 8.54** 88.00** 196.55** 

Error 142.00 4.07 8.40 0.09 0.53 28.35 22.08 4.93 0.44 1.95 1.86 

Total 215.00 50.52 43.29 4.84 2.86 1196.93 681.93 33.84 4.19 38.77 108.96 
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Generally speaking, good combiner parents results in higher frequency of heterotic 

hybrids than the poor combiner parents. From the genetic viewpoint, GCA measures 

additive gene effects and SCA measures non-additive gene effects including dominance 

and epistasis. 

4.1.2.1 Days to 50% flowering 

 Among the lines, the gca effect were significant and negative for earliness shown 

by nine lines viz. TGMS-2, TGMS-9, TGMS-10, TGMS-12, TGMS-13, TGMS-14, 

TGMS-16, TGMS-17 and TGMS-18 while gca effect were significant and positive for 

lateness shown by seven lines viz. TGMS-1, TGMS-4, TGMS-5, TGMS-6, TGMS-7, 

TGMS-11 and TGMS-15. Result indicated the line TGMS-16 (-9.21) to be the best 

combiner for early flowering and it was followed by TGMS-13 (-7.71), TGMS-9 (-3.54) 

and TGMS-14 (3.13), while for lateness the best combiner was TGMS-4 (10.29); followed 

by TGMS-5 (6.38), TGMS-1 (5.46) and TGMS-11 (5.13). Among the testers Pant Dhan-12 

(-2.00) and UPRI-93-287R (-0.94) showed the significant and negative gca effect for early 

flowering while Pant Dhan-4 (1.63) and Pant Basmati-1 (1.30) showed the significant and 

positive gca effect for lateness. Panwar, (2005) and Sharma, (2006) reported rice 

genotypes showing negative GCA effects for days to flowering. 

 

 Specific combining ability effects of crosses were significant for  48 crosses, 

out of which significant and negative crosses were 25. The best specific combinations 

for early flowering were TGMS-16 × Pant Basmati-1 (-10.55), TGMS-4 × UPRI-93-

287R (-8.81), TGMS-14 × Pant Dhan-12 (-8.34), TGMS-18 × Pant Basmati-1 (-8.05) 

and TGMS-12 × UPRI-93-287R (-7.64). The top crosses which showed high positive 

and significant sca effect for late flowering were TGMS-8 × Pant Dhan-12 (11.00), 

TGMS-16 × UPRI-93-287R (9.69), TGMS-1 × UPRI-93-287R (9.36), TGMS-11 × 

Pant Dhan-4 (8.12) and TGMS-4 × Pant Dhan-4 (7.95). These potential hybrids can 
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be exploited through heterosis breeding for the identification of superior genotypes 

with short growth period to fit in wheat-rice cropping pattern. 23 hybrids expressed 

significant positive SCA effects which mean that these hybrids were not suitable for 

developing short duration rice varieties. 24 hybrids exhibited non-significant average 

SCA effects. Patil et al. (2003), Rosamma and Vijakumar (2005) and 

Gnanesakaran et al. (2006) identified promising hybrids based on higher desirable 

SCA effects for days to flowering. 

4.1.2.2 Plant height 

 Among the lines, GCA effect was significant and negative for plant height. 

Dwarf plant height is desirable in rice. Five lines viz. TGMS-10 (-3.71), TGMS-14 (-

3.66), TGMS-7 (-3.08), TGMS-4 (-2.45) and TGMS-3 (-1.75) had negative and 

significant GCA effect. For tall plant height the lines TGMS-15 (6.78), TGMS-17 

(2.13) and TGMS-18 (1.79) showed significant and positive gca effect. 

Gnanasekaran et al. (2006), Sharma (2006) and Akter et al. (2010) adjudged 

several parents with desirable GCA effects for dwarf plant height in rice. Results 

showed that the line TGMS-10 (-3.71) to be the best combiner for dwarf plant type 

while for tall plant type the best combiner was TGMS-15 (6.78). Among the testers 

Pant Dhan-12 (-3.40), Pant Dhan-4 (-2.58) and UPRI-93-287R (-1.07) showed 

significant and negative GCA effect for dwarf plant type while Pant Basmati-1 (7.06) 

showed significant and positive GCA effect for tall plant type. 

 

 Specific combining ability effects of crosses were significant for 23 crosses, out of 

which 13 crosses had negative and significant sca effect. The best specific combinations 

for dwarf plant type were TGMS-16 × Pant Basmati-1 (-10.59), TGMS-11 × Pant Dhan-12 

(-7.35), TGMS-1 × Pant Basmati-1 (-6.65), TGMS-11 × Pant Dhan-4 (-6.55) and TGMS-4 
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× Pant Dhan-4 (-5.44). The top five crosses with high sca effects for tall plant type were 

TGMS-11 × Pant Basmati-1 (11.09), TGMS-15 × Pant Basmati-1 (7.31), TGMS-16 × Pant 

Dhan-4 (6.23), TGMS-12 × Pant Basmati-1 (5.68) and TGMS-3 × Pant Dhan-12 (5.30). 

Ten hybrids expressed significant and positive SCA effects reflecting an increasing trend 

in plant stature, therefore these were considered undesirable. Rest of the 49 hybrids 

showed non-significant SCA effects lying in category of average effects. These results 

were in agreement with those of Sarker et al. (2002), Punitha et al. (2004) and Sharma 

(2006) on the identification of best specific combiner for short plant height. 

4.1.2.3 Panicle number per plant 

 The gca effect were significant and positive for 7 lines, among these the top five 

best combiner for high number of panicls per plant were TGMS-4 (4.12), TGMS-5 (1.57), 

TGMS-16 (1.17), TGMS-8 (0.67) and TGMS-7 (0.42). Whereas among the testers, Pant 

Dhan-4 (0.29), Pant Dhan-12 (0.27) and UPRI-93-287R (0.16) were the best general 

combiners for high panicle number per plant. Gnanasekaran et al. (2006) and Akram et 

al. (2007) observed promising lines and testers with high GCA effects for number of 

panicle per plant. 

 

The sca effect were significant and positive for 24 crosses out of which the best 

five crosses were TGMS-4 × Pant Dhan-4 (4.92), TGMS-7 × UPRI-93-287R (4.74), 

TGMS-18 × Pant Basmati-1 (3.02), TGMS-14 × Pant Dhan-4 (2.86) and TGMS-17 × 

UPRI-93-287R (2.64). Mehla et al. (2000), Sharma et al. (2005) and Sharma (2006) had 

reported positive SCA estimates relating to panicle number per plant and recommended 

importance of high panicle per plant hybrids for the development of hybrid variety(s) or 

cultivar(s).



Result and Discussion ………….. 

Table 4.2: Estimation of general combining ability effects for parents (Line and Testers) 

 

Parents 

Days to 50% 

flowering 

Plant 

height 

Panicle 

number 

per plant 

Panicle 

length 

Spikelet 

number per 

panicle 

Grain 

number per 

panicle 

Percent 

spikelet 

fertility 

1000 

grain 

weight 

Harvest 

index 

Grain yield 

per plant 

TGMS-1 5.46** 1.11 0.37** -1.43** 7.53** -1.04 -3.28** 0.32 -5.98** -13.10** 

TGMS-2 -2.96** -0.22 -2.48** -0.57** -5.07** -0.79 1.67** -0.24 -0.07 -11.60** 

TGMS-3 -0.88 -1.75* -0.93** -0.95** 7.93** 10.51** 1.46* 0.13 2.70** -11.00** 

TGMS-4 10.29** -2.45** 4.12** -0.07 -12.52** -9.25** 0.35 0.73** -5.18** -4.15** 

TGMS-5 6.38** 2.22** 1.57** 0.39 -23.32** -17.94** 0.75 0.69** -1.91** -4.75** 

TGMS-6 3.29** -1.27 -0.68** -0.61** -0.77 2.96* 1.49* -0.32 -0.53 -0.25 

TGMS-7 2.29** -3.08** 0.42** -0.10 -14.82** -7.70** 2.10** -1.64** -0.87* 1.50** 

TGMS-8 -0.79 1.24 0.67** -1.63** -26.12** -16.44** 3.70** -0.09 -0.72 -3.80** 

TGMS-9 -3.54** 0.58 -1.08** -0.19 14.63** 17.21** 1.89** 0.24 -2.14** 1.25** 

TGMS-10 -1.38* -3.71** -0.23** 0.20 -7.57** 4.90** 5.76** -0.54** 7.27** 3.30** 

TGMS-11 5.13** 1.20 -0.23** 0.92** 7.43** 5.56** -0.58 -1.04** -3.29** 0.55 

TGMS-12 -1.88** -1.44 -0.43** 0.93** 9.18** 1.05 -3.55** 0.07 -3.05** 1.20** 

TGMS-13 -7.71** -0.95 -0.78** -0.11 3.28* -0.35 -1.89** -1.15** 6.97** 2.50** 

TGMS-14 -3.13** -3.66** 0.17 1.57** -31.52** -22.69** 2.01** 1.28** 2.64** 10.60** 

TGMS-15 3.21** 6.78** 0.22* 1.11** 23.28** 11.31** -4.32** 0.16 -6.07** -4.35** 

TGMS-16 -9.21** 1.48 1.17** -0.40 -27.12** -20.00** 1.41* 0.32 4.70** 9.80** 

TGMS-17 -2.88** 2.13* -0.88** 1.14** 47.83** 28.81** -4.88** -0.26 3.49** 12.80** 

TGMS-18 -1.71** 1.79* -0.98** -0.24 27.68** 13.91** -4.09** 1.33** 2.03** 9.50** 

SE (gi) 0.58 0.84 0.09 0.21 1.54 1.36 0.64 0.19 0.40 0.39 

CD 95% 1.15 1.65 0.17 0.42 3.04 2.68 1.27 0.38 0.80 0.78 

Pant Basmati-1 1.30** 7.06** -0.72** 1.66** -2.44** -2.45** -0.33 -1.38** 0.32 -0.53** 

Pant Dhan-4 1.63** -2.58** 0.29** 0.04 33.59** 23.19** -2.50** 1.78** 1.17** 1.52** 

Pant Dhan-12 -2.00** -3.40** 0.27** -0.71** -17.39** -15.22** -0.33 -0.25** -0.23 -3.74** 

UPRI-93-287R -0.94** -1.07** 0.16** -0.99** -13.76** -5.53** 3.17** -0.14 -1.27** 2.76** 

SE (gi) 0.27 0.39 0.04 0.10 0.72 0.64 0.30 0.09 0.19 0.18 

CD 95% 0.54 0.78 0.08 0.20 1.43 1.26 0.60 0.18 0.38 0.37 

*, ** significant at 5 and 1%  
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Table 4.3: Estimates of specific combining ability effects for crosses 

S. No.  

Crosses 

Days to 

50% 

flowering 

Plant 

height 

Panicle 

number 

per plant 

Panicle 

length 

Spikelet 

number 

per 

panicle 

Grain 

number 

per 

panicle 

Percent 

spikelet 

fertility 

1000 

grain 

weight 

Harvest 

index 

Grain 

yield per 

plant 

1.  TGMS-1*Pant Basmati-1 -4.55** -6.65** 0.48** -2.10** -42.26** -40.60** -4.05** -1.27** -3.38** -1.77* 

2.  TGMS-1*Pant Dhan-4 -0.88 2.17 2.47** 0.23 19.71** -10.84** -10.44** -0.81* -9.69** -0.62 

3.  TGMS-1*Pant Dhan-12 -3.92** 2.93 -1.53** -0.24 20.89** 27.17** 3.81** 0.82* 9.53** 3.85** 

4.  TGMS-1*UPRI-93-287R 9.36** 1.56 -1.42** 2.11** 1.66 24.28** 10.67** 1.25** 3.54** -1.45 

5.  TGMS-2*Pant Basmati-1 2.87* -4.30* 1.12** -0.60 0.74 3.15 1.19 -1.66** -2.38** 4.73** 

6.  TGMS-2*Pant Dhan-4 -2.47* 3.02 -1.28** 0.81 6.91* 1.31 -2.56* -0.75 -1.52 -3.72** 

7.  TGMS-2*Pant Dhan-12 -3.50** 2.76 0.13 -0.01 -9.31** -12.28** -2.23 0.84* -0.76 3.15** 

8.  TGMS-2*UPRI-93-287R 3.11** -1.47 0.03 -0.20 1.66 7.83** 3.61** 1.57** 4.66** -4.16** 

9.  TGMS-3*Pant Basmati-1 0.78 -2.84 -1.23** 1.38** 17.74** 4.25 -5.04** 2.10** -1.62* 1.34 

10.  TGMS-3*Pant Dhan-4 -6.88** 0.42 0.56** 0.41 -13.69** 3.01 6.09** 0.88* 3.26** 1.68* 

11.  TGMS-3*Pant Dhan-12 1.41 5.30** 2.38** -0.77 19.29** 14.02** -1.20 -2.07** 1.99* 6.54** 

12.  TGMS-3*UPRI-93-287R 4.69** -2.89 -1.71** -1.02* -23.35** -21.27** 0.15 -0.92* -3.64** -9.56** 

13.  TGMS-4*Pant Basmati-1 5.62** -0.54 -1.87** -0.56 6.00 11.40** 3.43** -2.96** 6.86** 1.48 

14.  TGMS-4*Pant Dhan-4 7.95** -5.44** 4.92** -0.46 -19.24** -5.84* 4.92** 3.14** -4.75** -2.37** 

15.  TGMS-4*Pant Dhan-12 -4.75** 2.30 0.72** 1.57** 4.34 8.77** 3.22* 2.30** -0.22 -1.51 

16.  TGMS-4*UPRI-93-287R -8.81** 3.67* -3.77** -0.55 8.91** -14.32** -11.57** -2.48** -1.89* 2.39** 

17.  TGMS-5*Pant Basmati-1 -2.47* -4.53** -0.92** -0.53 4.79 15.70** 6.61** -0.31 0.58 -3.52** 

18.  TGMS-5*Pant Dhan-4 3.87** 1.45 2.06** -0.33 -9.84** -6.55* 0.49 -0.65 -3.54** 6.23** 

19.  TGMS-5*Pant Dhan-12 -1.50 2.95 0.07 0.53 0.94 -11.13** -6.93** 2.32** 1.67* -4.51** 

20.  TGMS-5*UPRI-93-287R 0.11 0.12 -1.21** 0.32 4.11 1.98 -0.16 -1.35** 1.29 1.79* 

21.  TGMS-6*Pant Basmati-1 -3.38** -2.55 -0.88** 0.76 -18.96** -13.20** 2.04 0.55 -3.30** -3.22** 

22.  TGMS-6*Pant Dhan-4 -1.72 1.15 -1.68** 0.64 -2.39 3.96 2.18 -0.99* 6.68** 10.13** 
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23.  TGMS-6*Pant Dhan-12 -2.42* 1.13 2.53** -0.98* -26.41** -23.23** 0.40 1.92** 2.51** 4.99** 

24.  TGMS-6*UPRI-93-287R 7.52** 0.28 0.03 -0.42 47.75** 32.47** -4.63** -1.47** -5.90** -11.90** 

25.  TGMS-7*Pant Basmati-1 4.95** 1.27 -0.97** 0.85* 11.70** 14.45** 2.45 -1.33** 0.12 -0.37 

26.  TGMS-7*Pant Dhan-4 -5.72** -1.81 -2.39** 0.38 -2.94 7.40** 4.20** 0.74 6.61** 2.78** 

27.  TGMS-7*Pant Dhan-12 2.25 0.23 -1.38** -0.72 0.04 2.02 1.92 -0.10 -7.32** -6.75** 

28.  TGMS-7*UPRI-93-287R -1.48 0.30 4.74** -0.52 -8.80** -23.87** -8.57** 0.69 0.60 4.34** 

29.  TGMS-8*Pant Basmati-1 -2.63* -0.98 -0.03 0.58 -4.80 0.20 2.26 0.54 3.91** 0.53 

30.  TGMS-8*Pant Dhan-4 -2.63* -1.35 1.77** -0.49 -1.04 -13.04** -7.34** -2.31** -5.93** -0.32 

31.  TGMS-8*Pant Dhan-12 11.00** -0.85 -2.42** 0.33 1.14 7.17** 3.86* 1.41** 3.05** 4.55** 

32.  TGMS-8*UPRI-93-287R -5.73** 3.18 0.68** -0.42 4.71 5.68* 1.22 0.36 -1.03 -4.76** 

33.  TGMS-9*Pant Basmati-1 4.12** 3.84* 1.73** 0.97* 16.84** 21.35** 2.75* 0.85* 5.00** 21.88** 

34.  TGMS-9*Pant Dhan-4 -0.22 -4.68** -0.09 -1.80** 7.81* 3.71 -1.56 -0.23 -5.66** -8.77** 

35.  TGMS-9*Pant Dhan-12 1.75 4.66** -0.28 0.97* -3.81 -5.28 -0.77 -0.56 0.60 -6.91** 

36.  TGMS-9*UPRI-93-287R -5.64** -3.81* -1.36** -0.13 -20.84** -19.77** -0.42 -0.05 0.06 -6.20** 

37.  TGMS-10*Pant Basmati-1 0.62 0.40 -0.53** -0.33 -7.56* -4.35 1.38 -0.87* -0.37 1.43 

38.  TGMS-10*Pant Dhan-4 -0.72 2.64 -0.34 1.12** 42.41** 40.40** -0.29 -1.00** 2.89** 2.58** 

39.  TGMS-10*Pant Dhan-12 1.91 -0.48 1.08** -0.44 -25.61** -27.18** -1.67 0.50 2.29** -0.56 

40.  TGMS-10*UPRI-93-287R -1.81 -2.57 -0.21 -0.35 -9.24** -8.87** 0.58 1.37** -4.81** -3.46** 

41.  TGMS-11*Pant Basmati-1 0.12 11.09** -0.32 0.35 2.44 1.80 -0.27 -0.25 2.74** 0.58 

42.  TGMS-11*Pant Dhan-4 8.12** -6.55** -1.34** -1.18** 17.01** 15.76** 0.41 1.21** -2.55** -5.07** 

43.  TGMS-11*Pant Dhan-12 -4.25** -7.35** -0.33 0.16 -0.61 -5.64* -2.74* -1.26** -7.46** -4.81** 

44.  TGMS-11*UPRI-93-287R -3.98** 2.80 1.99** 0.67 -18.85** -11.92** 2.60* 0.29 7.27** 9.30** 

45.  TGMS-12*Pant Basmati-1 2.45** 5.68** 0.08 1.30** -6.91* -10.90** -2.60* -0.48 0.25 0.73 

46.  TGMS-12*Pant Dhan-4 2.12 -4.62** 0.06 -1.15** 11.26** 9.85** 0.64 0.42 0.38 -0.52 

47.  TGMS-12*Pant Dhan-12 3.08** -3.74* -0.33 -0.67 2.04 7.27** 2.64* -1.19** -4.17** -2.45** 

48.  TGMS-12*UPRI-93-287R -7.64** 2.68 0.19 0.52 -6.39* -6.22* -0.68 1.26** 3.54** 2.24** 
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49.  TGMS-13*Pant Basmati-1 -3.38** -1.38 0.43* -0.30 -14.41** -23.90** -6.17** -0.50 4.89** 0.03 

50.  TGMS-13*Pant Dhan-4 -2.05 1.72 -2.39** 0.37 18.16** 20.85** 2.40 -1.72** -0.03 -7.42** 

51.  TGMS-13*Pant Dhan-12 3.58** -2.18 1.22** -0.81 -13.86** -0.53 6.47** 1.33** -0.97 9.44** 

52.  TGMS-13*UPRI-93-287R 1.86 1.83 0.74** 0.74 10.11** 3.58 -2.70* 0.88* -3.89** -2.06* 

53.  TGMS-14*Pant Basmati-1 6.37** 4.88** -1.93** 0.02 1.00 -1.35 -0.88 0.63 -4.84** -16.27** 

54.  TGMS-14*Pant Dhan-4 1.37 1.46 2.86** -0.62 5.16 20.21** 6.96** -1.94** 4.19** 21.28** 

55.  TGMS-14*Pant Dhan-12 -8.34** -3.67* -1.52** -0.15 4.14 -7.58** -6.40** -0.08 -0.88 -9.06** 

56.  TGMS-14*UPRI-93-287R 0.61 -2.67 0.59** 0.76 -10.29** -11.27** 0.32 1.39** 1.52 4.04** 

57.  TGMS-15*Pant Basmati-1 3.37** 7.31** 2.62** -0.14 20.79** 10.05** -2.85* 2.55** -13.94** -6.12** 

58.  TGMS-15*Pant Dhan-4 -1.30 1.43 -1.18** 1.35** -43.04** -29.19** 3.28* 2.47** 7.26** 7.43** 

59.  TGMS-15*Pant Dhan-12 2.33* -4.29* -0.37* 0.39 -5.26 -1.99 1.03 -3.60** 5.87** 1.10 

60.  TGMS-15*UPRI-93-287R -4.39** -4.46** -1.07** -1.60** 27.51** 21.13** -1.46 -1.43** 0.81 -2.40** 

61.  TGMS-16*Pant Basmati-1 -10.55** -10.6** 0.07 -1.35** -15.00** -18.45** -2.97* -0.07 11.18** 5.74** 

62.  TGMS-16*Pant Dhan-4 -3.88** 6.23** 0.26 -0.46 -50.04** -38.50** 2.21 -0.79* -3.34** -13.52** 

63.  TGMS-16*Pant Dhan-12 4.75** 1.31 -0.53** 1.59** 35.74** 24.72** -3.03* -0.44 -6.56** -5.46** 

64.  TGMS-16*UPRI-93-287R 9.69** 3.04 0.19 0.22 29.30** 32.23** 3.78** 1.29** -1.27 13.24** 

65.  TGMS-17*Pant Basmati-1 3.78** 1.39 -0.88** -0.13 43.04** 34.35** -0.72 1.51** -1.48 0.34 

66.  TGMS-17*Pant Dhan-4 2.12 -1.76 -2.88** 0.00 1.41 -14.49** -5.11** 0.41 -1.57 -8.12** 

67.  TGMS-17*Pant Dhan-12 -6.59** -0.58 1.12** 0.32 -17.21** -1.28 5.15** -0.17 2.46** -2.06* 

68.  TGMS-17*UPRI-93-287R 0.69 0.95 2.64** -0.19 -27.24** -18.57** 0.67 -1.75** 0.59 9.84** 

69.  TGMS-18*Pant Basmati-1 -8.05** -1.51 3.02** -0.17 -15.21** -3.95 3.42** 0.98* -4.23** -7.57** 

70.  TGMS-18*Pant Dhan-4 2.95* 4.51** -1.39** 1.16** 12.36** -8.00** -6.46** 1.90** 7.31** -1.63* 

71.  TGMS-18*Pant Dhan-12 3.25** -0.43 -0.57** -1.06* 13.54** 5.02 -3.54** -1.98** -1.62* 10.44** 

72.  TGMS-18*UPRI-93-287R 1.86 -2.56 -1.06** 0.07 -10.70** 6.93* 6.59** -0.90* -1.45 -1.25 

 CD 95% SCA 2.30 3.31 0.34 0.83 6.08 5.36 2.53 0.76 1.60 1.56 

*, ** significant at 5 and 1%  



Result and Discussion ………….. 

4.1.2.4 Panicle length 

 The GCA effects were significant and positive for 5 lines viz. TGMS-14 (1.57), 

TGMS-17 (1.14), TGMS-15 (1.11), TGMS-12 (0.93) and TGMS-11 (0.92) among these 

the best combiners for high panicle length was TGMS-14 (1.57). Whereas among the tester 

the best general combiner was Pant Basmati-1 (1.66) for high panicle length. Similarly 

Akram et al. (2007) identified a good general combiner genotype for panicle length to 

improve rice yield. 

 

SCA effects were positive and significant for eleven crosses out of which the top 

five crosses were TGMS-1 × UPRI-93-287R (2.11), TGMS-16 × Pant Dhan-4 (1.59), 

TGMS-4 × Pant Dhan-12 (1.57), TGMS-3 × Pant Basmati-1 (1.38) and TGMS-12 × Pant 

Basmati-1 (1.30) for high panicle length. Gnanasekaran et al. (2006) reported a specific 

combiner of rice which showed desirable SCA affects for panicle length. 

 4.1.2.5 Spikelet number per panicle 

 The gca effects were significant and positive for ten lines. The analysis revealed 

that the lines viz. TGMS-17 (47.83), TGMS-18 (27.68), TGMS-15 (23.28), TGMS-9 

(14.63) and TGMS-12 (9.18) were the best general combiners for high spikelet number per 

panicle. Among the testers the best general combiner was Pant Dhan-12 (33.59). 
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 The sca effects were positive and significant for 23 crosses. Top specific crosses 

were TGMS-6 × UPRI-93-287R (47.75), TGMS-17 × Pant Basmati-1 (47.75), TGMS-10 × 

Pant Dhan-4 (42.41), TGMS-16 × Pant Dhan-12 (35.74) and TGMS-16 × UPRI-93-287R 

(29.30) for more number of spikelet per panicle. 

4.1.2.6 Grain number per panicle 

 The GCA effects were significant and positive for seven lines. The analysis 

revealed that the lines viz. TGMS-17 (28.81), TGMS-9 (17.81), TGMS-18 (13.91), 

TGMS-15 (11.31) and TGMS-3 (10.51) were the best general combiners for more grain 

number per panicle. Whereas among the testers the best general combiner was Pant Dhan-

12 (23.19). Perraju and Sharma (1999), Swamy et al. (2003) and Gnanasekaran et al. 

(2006) identified parents with positive GCA effects for number of grains per panicle.   

 

 The sca effects were positive and significant for 26 crosses. Top specific crosses 

were TGMS-10 × Pant Dhan-4 (40.40), TGMS-17 × Pant Basmati-1 (34.35), TGMS-6 × 

UPRI-93-287R (32.47), TGMS-16 × UPRI-93-287R (32.23) and TGMS-1 × Pant Dhan-12 

(27.17) for more number of grains per panicle. Gnanasekaran et al. (2006) reported better 

hybrid combinations which showed positive SCA effects for grain number per panicle. 

4.1.2.7 Percent spikelet fertility 

 The GCA effects were significant and positive for eight lines. The analysis revealed 

that the lines viz. TGMS-10 (5.76), TGMS-8 (3.70), TGMS-7 (2.10), TGMS-14 (2.01) and 

TGMS-9 (1.89) were the best combiners for high spikeletes fertility or seed setting. 

Among the testers the best combiner was UPRI-93-287R (3.17). Swamy et al. (2003) 

identified two good combiner lines which showed positive gca effect for fertility 

percentage in rice. 
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 The SCA effects were positive and significant for 20 crosses. Top specific crosses 

were TGMS-1 × UPRI-93-287R (10.67), TGMS-14 × Pant Dhan-4 (6.96), TGMS-5 × Pant 

Basmati-1 (6.61), TGMS-18 × UPRI-93-287R (6.59) and TGMS-13 × Pant Dhan-12 (6.47) 

for high seed setting. The genotypes with high fertility can be developed if recombination 

breeding coupled with pedigree method of selection is followed. These results are in line 

with Panwar (2005) who adjudged some best hybrids based on high SCA effects and 

mean performance for spikelet fertility from line × tester experiment. 

4.1.2.8 1000 grain weight  

The analysis revealed that the gca effects were significant and positive for three 

lines viz. TGMS-18 (1.33), TGMS-14 (1.28), TGMS-4 (0.73) and TGMS-5 (0.69) were the 

best combiners for high grain weight per 1000. Mehla et al. (2000), Rosamma and 

Vijayakumar (2005) and Kumar et al. (2007) identified number of parents having 

positive GCA effect for 1000-grain weight. Among the testers the best combiner was Pant 

Dhan-4 (1.78).  

 

 The sca effects were positive and significant for 24 crosses. Top specific crosses 

were TGMS-4 × Pant Dhan-4 (3.14), TGMS-15 × Pant Basmati-1 (2.55), TGMS-15 × Pant 

Dhan-4 (2.47), TGMS-5 × Pant Dhan-12 (2.32) and TGMS-4 × Pant Dhan-12 (2.30) for 
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high grain weight. These results are in line with the findings of Rosamma and 

Vijayakumar (2005) and Sharma (2006) that identified various good general combiners 

for the improvement of 1000-grain weight in rice. 

4.1.2.9 Harvest index 

 The analysis revealed that the gca effects were significant and positive for eight 

lines. The top four promising combiners were viz. TGMS-10 (7.27), TGMS-13 (6.97), 

TGMS-16 (4.70) and TGMS-17 (3.49) for high harvest index. Among the testers the best 

combiners was Pant Dhan-4 (1.17). Results of Singh et al. (1998) and Gnanasekaran et 

al. (2006), Kumar et al. (2007) and Sanghera and Hussain, (2012) on number of best 

combiner lines for harvest index in rice were in favors of our results. 

 

 The SCA effects of were positive and significant for 25 crosses. Top specific 

crosses were TGMS-16 × Pant Basmati-1 (11.18), TGMS-1 × Pant Dhan-12 (9.53), 

TGMS-18 × Pant Dhan-4 (7.31), TGMS-15 × Pant Dhan-4 (7.26) and TGMS-6 × Pant 

Dhan-4 (6.68) for high harvest index. Hybrid showing positive SCA effects for harvest 

index was also reported by Gnanasekaran et al. (2006). 

4.1.2.10 Grain yield per plant 

 The analysis revealed that the GCA effects were significant and positive for 

nine lines of which the top five best combiners were viz. TGMS-17 (12.80), TGMS-14 

(10.60), TGMS-16 (9.80), TGMS-18 (9.50) and TGMS-10 (3.30) for high grain yield 

per plant. Among the testers the best combiners were UPRI-93-287R (2.74) and Pant 

Dhan-4 (1.52). Punitha et al. (2004), Baskheti, (2005), Manonmani et al. (2005), 

Sharma, (2006), Akram et al. (2007), Akter et al. (2010), Malik and Singh (2013) 

and Raju et al., (2014)  documented several promising genotypes with significantly 

high GCA effects in rice. 
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 The SCA effects were positive and significant for 25 crosses. Top five specific 

crosses were TGMS-9 × Pant Basmati-1 (21.88), TGMS-14 × Pant Dhan-4 (21.28), 

TGMS-14 × Pant Basmati-1 (16.27), TGMS-16 × UPRI-93-287R (13.24) and TGMS-18 × 

Pant Dhan-12 (10.44) for higher grain yield per plant.  Several crosses having high SCA 

effects for grain yield per plant in rice has been reported by number of researchers Mehla 

et al. (2000); Sarker et al. (2002); Saxena et al. (2002); Manonmani et al. (2005); 

Sharma et al. (2005) and Petchiammal and Kumar, (2007), Akter et al. (2010), Gulzar 

et al. (2012), Thakare et al., (2013), Dorosti and Monajjem (2014). 

Table 4.4: Ranking of desirable parents on the basis of gca effect for 10 attributes in a 

Line x Tester fashion 
Character General combiner based on gca effect Common good general combinations 

for number of traits 

Among Lines Among Testers Lines Testers 

Days to flowering (50%) TGMS-16, TGMS-13, TGMS-9 

and TGMS-14 

Pant Dhan-12 and UPRI-93-

287R 
TGMS-14, TGMS-9 

Pant Dhan-12, 

UPRI-93-287R 

Plant height 
TGMS-10, TGMS-14, TGMS-7, 

TGMS-4 and TGMS-3 

Pant Dhan-4, Pant Dhan-12 

and UPRI-93-287R TGMS-14, TGMS-10 

Pant Dhan-12, 

Pant Dhan-4 , 

UPRI-93-287R  

Panicle number per plant TGMS-4, TGMS-5, TGMS-16, 

TGMS-8 and TGMS-7 

Pant Dhan-4 and Pant Dhan-

12 
TGMS-4 

Pant Dhan-12, 

Pant Dhan-4   

Panicle length TGMS-14, TGMS-17, TGMS-15, 

TGMS-12 and TGMS-11 

Pant Basmati-1, UPRI-93-

287R and Pant Dhan-4 
TGMS-14, TGMS-17 

Pant Dhan-4 , 

UPRI-93-287R 

Spikelets number per 

panicle 

TGMS-17, TGMS-18, TGMS-15, 

TGMS-9 and TGMS-12 

Pant Dhan-12 TGMS-17, TGMS-9, 

TGMS-18 

Pant Dhan-12 

Grain number per panicle TGMS-17, TGMS-9, TGMS-18, 

TGMS-15 and TGMS-3 

Pant Dhan-12 TGMS-17, TGMS-9, 

TGMS-18 

Pant Dhan-12 

Percent spikeletes fertility TGMS-10, TGMS-8, TGMS-7, 

TGMS-14 and TGMS-9 

UPRI-93-287R 
TGMS-9, TGMS-10 

UPRI-93-287R 

1000 Grain weight TGMS-10, TGMS-18, TGMS-14, 

TGMS-4 and TGMS-5 

Pant Dhan-12 TGMS-10, TGMS-4, 

TGMS-18 

Pant Dhan-12 

Harvest index TGMS-10, TGMS-13, TGMS-4, 

TGMS-16 and TGMS-17 

Pant Dhan-4 and Pant 

Basmati-1 
TGMS-17, TGMS-4 

Pant Dhan-4   

Grain yield per plant TGMS-17, TGMS-14, TGMS-15, 

TGMS-18 and TGMS-10 

UPRI-93-287R and Pant 

Dhan-4   

TGMS-14, TGMS-

10, TGMS-18 

Pant Dhan-4 , 

UPRI-93-287R 
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There were some common lines which were found good general combiner for 

several traits viz; TGMS-14 was good general combiner for days to 50% flowering, 

plant height, panicle length and grain yield per plant, TGMS-17 was good combiner 

for panicle length, spikeletes number per panicle, grain number per panicle and 

harvest index, TGMS-10 was also good combiner for plant height, percent spikelet 

fertility, 1000 grain weight and grain yield per plant and another promising line 

TGMS-18 was good combiner for spikelet number per panicle, grain number per 

panicle, 1000 grain weight and grain yield per plant (Table 4.4). Among the testers 

Pant Dhan-12 was the good combiner for days to 50% flowering, plant height, panicle 

number per plant, spikeletes number per panicle, grain number per panicle and 1000 

grain weight, Pant Dhan-4 for plant height, panicle number per plant, panicle length, 

harvest index and grain yield per plant and UPRI-93-287R was also good combiner 

for days to 50% flowering, plant height, panicle length and grain yield per plant.  

The GCA variance is principally a function of the additive genetic variance 

and represents a fixable portion of genetic variation. If epistasis is present, GCA will 

also include additive × additive type of non-allelic interaction (Singh and 

Narayanan, 2004). The genotypes with significant and desirable GCA effects possess 

high breeding value therefore the lines with high GCA effects identified in current 

results are recommended for use in multiple crossing programme to select superior 

genotypes in segregating generation for the development of high yielding cultivars 

(Nadarajan and Gunasekaran, 2005). Similar suggestions had already been given 

for the improvement of various yield and yield components (Boby and Nadarajan, 

1993; Vaithiyalingan and Nadarajan, 2005).  

It is inferred that significant GCA and SCA effects for yield components 

generally result in desirable combining ability effects for yield. However, present 

results reveals that in some of the crosses, significant SCA effects even for many 

yield components are not associated with significant SCA effects for yield per plant. 

Similarly good general combiners among parents do not always exhibit high GCA 

effects for yield.  
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Table 4.5: Ranking of desirable cross combinations on the basis of per se performance and sca effect for 10 attributes in a Line x 

Tester fashion 
Character Crosses per se performance General combiner based on sca effect Common good general combinations based 

on sca effect   & Per se performance 

Days to flowering (50%) TGMS-16 × Pant Basmati-1, TGMS-14 × Pant Dhan-

12, TGMS-16 × Pant Dhan-4, TGMS-12 × UPRI-93-

287R  and TGMS-9 × UPRI-93-287R 

TGMS-16 × Pant Basmati-1, TGMS-4 × UPRI-93-287R, 

TGMS-14 × Pant Dhan-12, TGMS-18 × Pant Basmati-1 and 

TGMS-12 × UPRI-93-287R. 

TGMS-16 × Pant Basmati-1, TGMS-14 × Pant 

Dhan-12 and TGMS-12 × UPRI-93-287R. 

Plant height TGMS-14 × Pant Dhan-12, TGMS-4 × Pant Dhan-4, 

TGMS-11 × Pant Dhan-12, TGMS-12 × Pant Dhan-4 
and TGMS-12 × Pant Dhan-12 

TGMS-16 × Pant Basmati-1, TGMS-11 × Pant Dhan-12, 

TGMS-1 × Pant Basmati-1, TGMS-11 × Pant Dhan-4 and 
TGMS-4 × Pant Dhan-4. 

TGMS-4 × Pant Dhan-4 and TGMS-11 × Pant 

Dhan-12 

 Panicle number per plant TGMS-4 × Pant Dhan-4, TGMS-7× UPRI-93-287R, 

TGMS-4 × Pant Dhan-12, TGMS-5 × Pant Dhan-4 and 
TGMS-14 × Pant Dhan-4 

TGMS-4 × Pant Dhan-4, TGMS-7 × UPRI-93-287R, TGMS-

18 × Pant Basmati-1, TGMS-14 × Pant Dhan-4 and TGMS-17 
× UPRI-93-287R. 

TGMS-4 × Pant Dhan-4 and TGMS-7× UPRI-

93-287R 

Panicle length TGMS-12 × Pant Basmati-1, TGMS-14 × Pant 
Basmati-1, TGMS-11 × Pant Basmati-1 and TGMS-17 

× Pant Basmati-1 

TGMS-1 × UPRI-93-287R, TGMS-16 × Pant Dhan-4, TGMS-
4 × Pant Dhan-12, TGMS-3 × Pant Basmati-1 and TGMS-12 × 

Pant Basmati-1. 

TGMS-12 × Pant Basmati-1 

Spikelets number per 

panicle 

TGMS-17 × Pant Basmati-1, TGMS-17 × Pant Dhan-4, 
TGMS-18 × Pant Dhan-4, TGMS-10 × Pant Dhan-4 

and TGMS-1 × Pant Dhan-4 

TGMS-6 × UPRI-93-287R, TGMS-17 × Pant Basmati-1, 
TGMS-10 × Pant Dhan-4, TGMS-16 × Pant Dhan-12 and 

TGMS-16 × UPRI-93-287R. 

TGMS-17 × Pant Basmati-1 and TGMS-10 × 
Pant Dhan-4 

Grain number per panicle TGMS-10 × Pant Dhan-4, TGMS-17 × Pant Basmati-1, 
TGMS-11 × Pant Dhan-4, TGMS-9 × Pant Dhan-4 and 

TGMS-13 × Pant Dhan-4 

TGMS-10 × Pant Dhan-4, TGMS-17 × Pant Basmati-1, 
TGMS-6 × UPRI-93-287R, TGMS-16 × UPRI-93-287R and 

TGMS-1 × Pant Dhan-12. 

TGMS-10 × Pant Dhan-4 and TGMS-17 × Pant 
Basmati-1 

Percent spikeletes fertility TGMS-1×UPRI-93-287R, TGMS-10 × UPRI-93-287R, 
TGMS-2 × UPRI-93-287R, TGMS-16 × UPRI-93-

287R and TGMS-8 × UPRI-93-287R 

TGMS-1 × UPRI-93-287R, TGMS-14 × Pant Dhan-4, TGMS-
5 × Pant Basmati-1, TGMS-18 × UPRI-93-287R and TGMS-13 

× Pant Dhan-12. 

TGMS-1×UPRI-93-287R 

 1000 grain weight TGMS-4 × Pant Dhan-4, TGMS-18 × Pant Dhan-4, 
TGMS-15 × Pant Dhan-4, TGMS-3 × Pant Dhan-4 and 

TGMS-14 × UPRI-93-287R 

TGMS-4 × Pant Dhan-4, TGMS-15 × Pant Basmati-1, TGMS-
15 × Pant Dhan-4, TGMS-5 × Pant Dhan-12 and TGMS-4 × 

Pant Dhan-12 

TGMS-4 × Pant Dhan-4 and TGMS-15 × Pant 
Dhan-4 

Harvest index TGMS-16 × Pant Basmati-1, TGMS-13 × Pant 

Basmati-1, TGMS-10 × Pant Dhan-4, TGMS-18 × Pant 
Dhan-4 and TGMS-10 × Pant Dhan-12 

TGMS-16 × Pant Basmati-1, TGMS-1 × Pant Dhan-12, 

TGMS-18 × Pant Dhan-4, TGMS-15 × Pant Dhan-4 and 
TGMS-6 × Pant Dhan-4 

TGMS-16 × Pant Basmati-1 and TGMS-18 × 

Pant Dhan-4 

 Grain yield per plant TGMS-14 × Pant Dhan-4, TGMS-16 × UPRI-93-287R, 

TGMS-17 × UPRI-93-287R, TGMS-9 × Pant Basmati-
1 and TGMS-14 × UPRI-93-287R 

TGMS-9 × Pant Basmati-1, TGMS-14 × Pant Dhan-4, TGMS-

14 × Pant Basmati-1, TGMS-16 × UPRI-93-287R and TGMS-
18 × Pant Dhan-12 

TGMS-14 × Pant Dhan-4, TGMS-9 × Pant 

Basmati-1 and TGMS-16 × UPRI-93-287R 
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Based on the SCA effect and per se performance the common crosses were selected for 

traits (Table-4.5). For days to 50% flowering TGMS-16 × Pant Basmati-1, TGMS-14 × Pant 

Dhan-12 and TGMS-12 × UPRI-93-287R were the best hybrids for early maturity, TGMS-4 × 

Pant Dhan-4 and TGMS-11 × Pant Dhan-12 for dwarf plant type, for panicle number per plant 

TGMS-4 × Pant Dhan-4 and TGMS-7× UPRI-93-287R, for panicle length was TGMS-12 × 

Pant Basmati-1, good hybrids for spikeletes number per panicle and grain number per panicle 

were TGMS-17 × Pant Basmati-1 and TGMS-10 × Pant Dhan-4, for percent spikeletes fertility 

was TGMS-1×UPRI-93-287R, for 1000 grain weight were TGMS-4 × Pant Dhan-4 and TGMS-

15 × Pant Dhan-4, for harvest index TGMS-16 × Pant Basmati-1 and TGMS-18 × Pant Dhan-4 

and for grain yield per plant good hybrids were TGMS-14 × Pant Dhan-4, TGMS-9 × Pant 

Basmati-1 and TGMS-16 × UPRI-93-287R. Chandirakala et al., (2008), Saleem et al. (2010), 

Selvaraj et al. (2011), Sanghera and Hussain (2012), Malik and Singh (2013) and Raju et al., 

(2014) reported several promising specific combiners based on high per se performance and 

SCA effects for grain yield per plant.   

Study of crosses in relation to the GCA effects of the parents indicated that for days to 

50% flowering. The hybrids TGMS-16 × Pant Basmati-1 (High × High), TGMS-14 × Pant 

Dhan-12 (High × High) and TGMS-12 × UPRI-93-287R (High × Average) had emerged from 

high × high and High × Average GCA of parents, whereas in other crosses TGMS-4 × Pant 

Dhan-4 (High × High) and TGMS-11 × Pant Dhan-12 (Low × High) for dwarf plant type, for 

panicle number per plant TGMS-4 × Pant Dhan-4 (H × A) and TGMS-7× UPRI-93-287R (A × 

A), for panicle length was TGMS-12 × Pant Basmati-1 (L × L), for spikeletes number per 

panicle and grain number per panicle had TGMS-17 × Pant Basmati-1 (H × H)  and TGMS-10 × 

Pant Dhan-4 (L × L), for per-cent spikeletes fertility was TGMS-1×UPRI-93-287R (H × L), for 

1000 grain weight had TGMS-4 × Pant Dhan-4 (L × H)  and TGMS-15 × Pant Dhan-4 (L × L), 

for harvest index TGMS-16 × Pant Basmati-1 (L × L)  and TGMS-18 × Pant Dhan-4 (H × H)  

and for grain yield per plant good hybrids were TGMS-14 × Pant Dhan-4 (H × H), TGMS-9 × 

Pant Basmati-1 (H × L)  and TGMS-16 × UPRI-93-287R (H × H). Several good SCA crosses 

for grain yield have been reported by Tiwari et al., (2011), Divyapriya and Kalaiyarasi (2014) 

in different TGMS lines.   

Hariprasanna et al. (2006) has given genetical causes of manifestation of SCA by 

hybrids. According to them the expression of high, low or non-significant SCA effects by any 

type of combination among the parents may be due to differential expression of contributing 

traits in specific residual genetic back ground. Since yield associated traits are linked either 
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positively or negatively, therefore it is likely to find GCA in the desired direction for some traits 

and in undesirable direction for the others. So the value of a parent with respect to GCA for a 

number of characters has tremendous importance. The pre-eminence of high × low crosses can 

be attributed to the fact that such crosses may result in strong transgressive segregants for the 

desired traits, because of segregation of genes with strong potentials (Iqbal and Khan, 2003). 

Genes controlling high GCA effects express almost same phenotypes when they are in 

homozygous state irrespective to residual genetic background in contrast to genes showing low 

GCA effects which show their potential only in homozygous residual genetic back ground. Thus 

high × high or low × low combinations generally emerge out from the situations essentially 

similar to their parents were as high × low crosses generate heterozygous genotypes, which show 

high effects and therefore are better to each of the parents. Keeping this in view in the present 

results it looks that appropriate breeding approach necessitates to start with high × low and high 

× high crosses. 

4.1.3 Contribution of lines, testers and line × tester to the total variance 

 Contribution of lines, testers and line × tester interaction is presented in Table 4.6. 

The contribution of lines to the total variance was greater than testers and line × tester 

interaction for three parameters. These were days to flowering (49.28%), spikeletes 

number per panicle (35.51%) and grain yield per plant (51.07%) thus indicating 

predominant maternal influence for these traits. Contribution of testers was more than lines 

and line × tester interactions for two characters viz. plant height (46.15%) and panicle 

length (42.43%) which has been reported by Rashid et al., (2007). Line × tester 

interactions contributed more than lines and testers for five characters viz. panicle number 

per plant (57.86%), grain number per panicle (42.25%), percent spikeletes fertility 

(58.11%), 1000 grain weight (52.01) and harvest index (55.70). These results are in 

agreement with the findings of Rashid et al. (2007). 

Table 4.6: Proportional contribution (%) of lines, testers and their interaction to the 

total variance  
Source Days to 

50% 

flowering 

Plant 

height 

Panicle 

number 

per 

plant 

Panicle 

length 

Spikelet 

number 

per 

panicle 

Grain 

number 

per 

panicle 

Percent 

spikelet 

fertility 

1000 

grain 

weight 

Harvest 

index 

Grain 

yield 

per 

plant 

Line 49.28 17.16 38.41 30.12 35.51 27.40 28.33 14.82 42.20 51.07 

Tester 4.85 46.15 3.72 42.43 34.66 30.34 13.56 33.16 2.10 5.65 

Line × 

Tester 
45.88 36.69 57.86 27.45 29.82 42.25 58.11 52.01 55.70 43.28 
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4.2 Determining the nature and magnitude of heterosis in the hybrids 

 Significant standard heterosis manifested as the percent increase or decrease over 

the standard variety was present in Table 4.7 to 4.11 for ten characters viz. days to 50% 

flowering, plant height, panicle length, panicle number per plant, spikelet number per 

panicle, grain number per panicle, percent spikelet fertility, 1000 grain weight, harvest 

index and grain yield per plant. 

Heterosis is the process by which the performance of an F1 generated by crossing two 

genetically different individuals is superior to that of the mean of the parents. Genetically, 

heterosis is considered mainly to be the result of adding dominant or partially dominant alleles 

in repulsion phase at loci (Hallauer and Miranda, 1988). As such one parent contributes 

useful alleles at some of the loci, while other parent compliments by providing desirable alleles 

at the remaining loci. A second type of heterosis can also be visualized, that is crossing two 

plants with different morphologies. If the loci controlling the morphologies are partially to 

completely dominant and each affects yield positively, then the morphologically different 

contribution of each parent in the hybrid may create higher yield progeny by combining 

morphologies. Shull (1914) defined heterosis as expression of increased vigour, size 

fruitfulness, speed of development, resistance to diseases and to insects, or to climatic rigors 

kind of manifested by cross bred organism as compared with corresponding inbreds which in 

the results of unlikelines in the constitution of uniting parental gametes. 

Due to poor seed setting in the TGMS lines, the other types of heterosis could not 

be estimated for all the traits. For estimation of standard heterosis the checks used Pant 

Sankar Dhan-1, Pant Sankar Dhan-3, UPRH-128 and UPRH-131. Result on the nature and 

magnitude of standard heterosis for each of the 10 traits individually over the best check 

among the four are presented below: 

4.2.1 Days to 50% flowering  

 The estimates of per cent standard heterosis over 4 checks of 72 hybrids for days to 

flowering are presented in the Table 4.7. 

 Out of the four checks used for estimation the standard heterosis the best check for 

earliness or early flowering was Pant Sankar Dhan-1. A total of 47 hybrids manifested 

significant heterosis, out of which 35 were negative estimates. The estimates ranged 
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between -20.71 (TGMS-16 × Pant Basmati-1) to 16.50 (TGMS-4 × Pant Dhan-12). The 

hybrids showing high heterosis for earliness were TGMS-16 × Pant Basmati-1 (-20.71), 

TGMS-14 × Pant Dhan-12 (-15.86), TGMS-16 × Pant Dhan-4 (-13.92), TGMS-12 × 

UPRI-93-287R (-12.94) and TGMS-9 × UPRI-93-287R (-20.71). Negative heterosis for 

early maturing was also reported by Alam et al. (2004), Nuruzzaman et al. (2002) and 

Rahimi et al., (2010).  

  4.2.2 Plant height 

  In case of plant height, the standard heterosis has estimated on four checks as like 

days to flowering. The best check for dwarf plant type was UPRH-131, against which all 

the cross combinations showed the significant and negative heterosis for dwarf plant type. 

The estimates of heterosis ranged between the -26.59 (TGMS-14 × Pant Dhan-12) to -3.22 

(TGMS-15 × Pant Basmati-1). The five best hybrids showing high heterosis for dwarf 

plant type were TGMS-14 × Pant Dhan-12 (-26.59), TGMS-4 × Pant Dhan-4 (-26.40), 

TGMS-11 × Pant Dhan-12 (-25.72), TGMS-12 × Pant Dhan-4 (-25.06) and TGMS-12 × 

Pant Dhan-12 (-25.02). Negative heterosis for plant height had also been reported by Patil 

et al. (2003) and Chandirakala and Thiyagarajan (2010). 

Table 4.7: Percent standard heterosis for days to flowering and plant height 

Cross Days to 50% flowering Plant Height 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan -3 

UPRH- 

128 

UPRH-

131 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan -3 

UPRH- 

128 

UPRH-

131 

TGMS-1*Pant Basmati-1 18.99** -0.65 12.04** 1.66 13.90** -3.92 0.34 -17.62** 

TGMS-1*Pant Dhan-4 23.64** 3.24* 16.42** 5.63** 13.07** -4.62* -0.39 -18.22** 

TGMS-1*Pant Dhan-12 15.89** -3.24* 9.12** -0.99 13.01** -4.67* -0.45 -18.26** 

TGMS-1*UPRI-93-287R 32.56** 10.68** 24.82** 13.25** 13.98** -3.85 0.41 -17.56** 

TGMS-2*Pant Basmati-1 17.83** -1.62 10.95** 0.66 14.94** -3.04 1.25 -16.87** 

TGMS-2*Pant Dhan-4 12.02** -6.47** 5.47** -4.30** 12.59** -5.03* -0.82 -18.57** 

TGMS-2*Pant Dhan-12 6.59** -11.00** 0.36 -8.94** 11.49** -5.95** -1.79 -19.36** 

TGMS-2*UPRI-93-287R 15.50** -3.56* 8.76** -1.32 9.57** -7.57** -3.48 -20.75** 

TGMS-3*Pant Basmati-1 17.83** -1.62 10.95** 0.66 14.88** -3.09 1.20 -16.91** 

TGMS-3*Pant Dhan-4 9.30** -8.74** 2.92 -6.62** 8.41** -8.55** -4.50* -21.59** 

TGMS-3*Pant Dhan-12 14.73** -4.21** 8.03** -1.99 12.53** -5.08* -0.87 -18.61** 

TGMS-3*UPRI-93-287R 19.77** 0.00 12.77** 2.32 6.59** -10.09** -6.11** -22.91** 

TGMS-4*Pant Basmati-1 36.43** 13.92** 28.47** 16.56** 16.50** -1.73 2.62 -15.74** 

TGMS-4*Pant Dhan-4 39.53** 16.50** 31.39** 19.21** 1.77 -14.15** -10.35** -26.40** 

TGMS-4*Pant Dhan-12 20.54** 0.65 13.50** 2.98 8.78** -8.24** -4.18* -21.33** 

TGMS-4*UPRI-93-287R 17.05** -2.27 10.22** 0.00 12.53** -5.08* -0.87 -18.61** 

TGMS-5*Pant Basmati-1 22.48** 2.27 15.33** 4.64** 17.19** -1.14 3.23 -15.24** 

TGMS-5*Pant Dhan-4 30.23** 8.74** 22.63** 11.26** 13.48** -4.27* -0.03 -17.92** 

TGMS-5*Pant Dhan-12 19.77** 0.00 12.77** 2.32 14.17** -3.69 0.57 -17.43** 

TGMS-5*UPRI-93-287R 22.87** 2.59 15.69** 4.97** 13.66** -4.12* 0.12 -17.79** 
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TGMS-6*Pant Basmati-1 17.83** -1.62 10.95** 0.66 15.65** -2.44 1.87 -16.36** 

TGMS-6*Pant Dhan-4 20.16** 0.32 13.14** 2.65 9.63** -7.52** -3.43 -20.71** 

TGMS-6*Pant Dhan-12 15.12** -3.88* 8.39** -1.66 8.78** -8.24** -4.18* -21.33** 

TGMS-6*UPRI-93-287R 27.91** 6.80** 20.44** 9.27** 10.28** -6.97** -2.85 -20.24** 

TGMS-7*Pant Basmati-1 26.36** 5.50** 18.98** 7.95** 17.69** -0.72 3.68 -14.88** 

TGMS-7*Pant Dhan-4 14.34** -4.53** 7.66** -2.32 4.81* -11.59** -7.67** -24.20** 

TGMS-7*Pant Dhan-12 19.38** -0.32 12.41** 1.99 6.04* -10.55** -6.59** -23.31** 

TGMS-7*UPRI-93-287R 16.28** -2.91 9.49** -0.66 8.48** -8.49** -4.44* -21.54** 

TGMS-8*Pant Basmati-1 13.95** -4.85** 7.30** -2.65 19.78** 1.05 5.52** -13.36** 

TGMS-8*Pant Dhan-4 14.34** -4.53** 7.66** -2.32 9.65** -7.51** -3.41 -20.70** 

TGMS-8*Pant Dhan-12 25.97** 5.18** 18.61** 7.62** 9.32** -7.78** -3.70 -20.93** 

TGMS-8*UPRI-93-287R 7.75** -10.03** 1.46 -7.95** 15.77** -2.34 1.98 -16.27** 

TGMS-9*Pant Basmati-1 18.60** -0.97 11.68** 1.32 24.00** 4.60* 9.23** -10.32** 

TGMS-9*Pant Dhan-4 13.95** -4.85** 7.30** -2.65 5.59* -10.92** -6.98** -23.63** 

TGMS-9*Pant Dhan-12 12.02** -6.47** 5.47** -4.30** 14.23** -3.64 0.62 -17.38** 

TGMS-9*UPRI-93-287R 4.65* -12.62** -1.46 -10.60** 8.01** -8.89** -4.86* -21.88** 

TGMS-10*Pant Basmati-1 17.05** -2.27 10.22** 0.00 16.17** -2.00 2.34 -15.98** 

TGMS-10*Pant Dhan-4 15.89** -3.24* 9.12** -0.99 8.67** -8.33** -4.27* -21.40** 

TGMS-10*Pant Dhan-12 14.73** -4.21** 8.03** -1.99 4.69 -11.69** -7.78** -24.28** 

TGMS-10*UPRI-93-287R 11.63** -6.80** 5.11** -4.64** 4.93* -11.49** -7.57** -24.11** 

TGMS-11*Pant Basmati-1 24.03** 3.56* 16.79** 5.96** 31.98** 11.34** 16.26** -4.54** 

TGMS-11*Pant Dhan-4 33.72** 11.65** 25.91** 14.24** 4.34 -11.98** -8.09** -24.54** 

TGMS-11*Pant Dhan-12 15.12** -3.88* 8.39** -1.66 2.70 -13.37** -9.53** -25.72** 

TGMS-11*UPRI-93-287R 16.67** -2.59 9.85** -0.33 15.34** -2.70 1.61 -16.58** 

TGMS-12*Pant Basmati-1 18.60** -0.97 11.68** 1.32 23.82** 4.45* 9.07** -10.45** 

TGMS-12*Pant Dhan-4 18.60** -0.97 11.68** 1.32 3.61 -12.60** -8.73** -25.06** 

TGMS-12*Pant Dhan-12 15.50** -3.56* 8.76** -1.32 3.67 -12.55** -8.68** -25.02** 

TGMS-12*UPRI-93-287R 4.26* -12.94** -1.82 -10.93** 12.54** -5.06* -0.86 -18.60** 

TGMS-13*Pant Basmati-1 5.04** -12.30** -1.09 -10.26** 17.17** -1.16 3.21 -15.26** 

TGMS-13*Pant Dhan-4 6.98** -10.68** 0.73 -8.61** 10.54** -6.75** -2.62 -20.05** 

TGMS-13*Pant Dhan-12 9.30** -8.74** 2.92 -6.62** 5.75* -10.79** -6.84** -23.51** 

TGMS-13*UPRI-93-287R 8.53** -9.39** 2.19 -7.28** 12.18** -5.37** -1.18 -18.86** 

TGMS-14*Pant Basmati-1 21.71** 1.62 14.60** 3.97* 20.75** 1.86 6.37** -12.66** 

TGMS-14*Pant Dhan-4 16.28** -2.91 9.49** -0.66 7.52** -9.30** -5.28* -22.23** 

TGMS-14*Pant Dhan-12 0.78 -15.86** -5.11** -13.91** 1.50 -14.38** -10.59** -26.59** 

TGMS-14*UPRI-93-287R 12.40** -6.15** 5.84** -3.97* 4.86* -11.54** -7.62** -24.16** 

TGMS-15*Pant Basmati-1 25.58** 4.85** 18.25** 7.28** 33.81** 12.87** 17.87** -3.22 

TGMS-15*Pant Dhan-4 20.54** 0.65 13.50** 2.98 18.08** -0.39 4.02 -14.60** 

TGMS-15*Pant Dhan-12 20.54** 0.65 13.50** 2.98 11.45** -5.98** -1.82 -19.39 

TGMS-15*UPRI-93-287R 13.95** -4.85** 7.30** -2.65 13.64** -4.14* 0.11 -17.81 

TGMS-16*Pant Basmati-1 -5.04** -20.71** -10.58** -18.87** 10.30** -6.96** -2.84 -20.23** 

TGMS-16*Pant Dhan-4 3.10 -13.92** -2.92 -11.92** 17.58** -0.82 3.57 -14.96** 

TGMS-16*Pant Dhan-12 8.91** -9.06** 2.55 -6.95** 11.76** -5.73** -1.55 -19.17** 

TGMS-16*UPRI-93-287R 15.89** -3.24* 9.12** -0.99 15.87** -2.25 2.07 -16.19** 

TGMS-17*Pant Basmati-1 18.99** -0.65 12.04** 1.66 23.09** 3.83 8.43** -10.97** 

TGMS-17*Pant Dhan-4 17.44** -1.94 10.58** 0.33 10.13** -7.10** -2.98 -20.34** 

TGMS-17*Pant Dhan-12 3.10 -13.92** -2.92 -11.92** 10.50** -6.79** -2.66 -20.08** 

TGMS-17*UPRI-93-287R 12.79** -5.83** 6.20** -3.64* 14.41** -3.49 0.79 -17.25** 

TGMS-18*Pant Basmati-1 6.59** -11.00** 0.36 -8.94** 19.80** 1.06 5.54** -13.35** 

TGMS-18*Pant Dhan-4 19.77** 0.00 12.77** 2.32 16.13** -2.03 2.30 -16.00** 

TGMS-18*Pant Dhan-12 15.89** -3.24* 9.12** -0.99 10.30** -6.96** -2.84 -20.23** 

TGMS-18*UPRI-93-287R 15.50** -3.56* 8.76** -1.32 10.50** -6.79** -2.66 -20.08** 
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4.2.3 Panicle number per plant 

Out of the four checks used for estimation the standard heterosis. The best check 

for more panicle number per plant was Pant Sankar Dhan-1. 70 hybrid combinations 

manifested significant and positive heterosis (Table- 4.8). The estimates ranged between 

2.42 (TGMS-2 × Pant Dhan-4) to 154.76 (TGMS-4 × Pant Dhan-4). Some of the best 

hybrids showing high heterosis for more panicles were TGMS-4 × Pant Dhan-4 (154.76), 

TGMS-7 × UPRI-93-287R (107.14), TGMS-4 × Pant Dhan-12 (104.72), TGMS-5 × Pant 

Dhan-4 (90.44) and TGMS-14 × Pant Dhan-4 (83.33). High heterosis for more number of 

panicles per plant has been reported by Patil et al. (2003) and Chandirakala and 

Thiyagarajan (2010).  

4.2.4 Panicle length 

The best check for high panicle length was Pant Sankar Dhan-1 against which 70 

cross combinations showed the significant and positive heterosis for Panicle length. The 

estimates of heterosis ranged between the -2.91 (TGMS-8 × UPRI-93-287R) to 30.86 

(TGMS-12 × Pant Basmati-1). The five best hybrids showing high heterosis for panicle 

length were TGMS-12 × Pant Basmati-1 (30.86), TGMS-14 × Pant Basmati-1 (28.27), 

TGMS-11 × Pant Basmati-1 (26.99), TGMS-17 × Pant Basmati-1 (25.93) and TGMS-12 × 

Pant Basmati-1 (25.77). Significant standard heterosis for panicle length had also been 

reported by Banumathy et al. (2003) and Chandirakala and Thiyagarajan (2010).  

Table 4.8: Percent standard heterosis for panicle number per plant and panicle length 

Cross Panicle number per plant  Panicle length 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan-3 

UPRH- 

128 

UPRH-

131 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan -3 

UPRH- 

128 

UPRH-

131 

TGMS-1*Pant Basmati-1 45.24** -1.61 -4.69* 38.64** 7.59** -9.39** 2.62 -21.55** 

TGMS-1*Pant Dhan-4 80.95** 22.58** 18.75** 72.73** 10.49** -6.95** 5.38* -19.44** 

TGMS-1*Pant Dhan-12 33.29** -9.70** -12.53** 27.23** 5.51* -11.15** 0.63 -23.08** 

TGMS-1*UPRI-93-287R 33.29** -9.70** -12.53** 27.23** 13.89** -4.08* 8.63** -16.96** 

TGMS-2*Pant Basmati-1 19.05** -19.35** -21.88** 13.64** 17.12** -1.36 11.71** -14.61** 

TGMS-2*Pant Dhan-4 2.42 -30.62** -32.79** -2.23 16.32** -2.04 10.94** -15.19** 

TGMS-2*Pant Dhan-12 19.09** -19.33** -21.85** 13.67** 9.94** -7.41** 4.85* -19.85** 

TGMS-2*UPRI-93-287R 16.63** -20.99** -23.46** 11.33** 8.08** -8.98** 3.08 -21.20** 

TGMS-3*Pant Basmati-1 9.52** -25.81** -28.13** 4.55 23.59** 4.08* 17.87** -9.89** 

TGMS-3*Pant Dhan-4 42.86** -3.23 -6.25** 36.36** 13.18** -4.68* 7.95** -17.48** 

TGMS-3*Pant Dhan-12 64.29** 11.29** 7.81** 56.82** 5.33* -11.29** 0.46 -23.20** 

TGMS-3*UPRI-93-287R 14.29** -22.58** -25.00** 9.09** 3.22 -13.07** -1.55 -24.74** 

TGMS-4*Pant Basmati-1 61.90** 9.68** 6.25** 54.55** 19.31** 0.48 13.79** -13.02** 
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TGMS-4*Pant Dhan-4 154.76** 72.58** 67.19** 143.18** 13.17** -4.69* 7.94** -17.49** 

TGMS-4*Pant Dhan-12 104.72** 38.68** 34.35** 95.42** 18.34** -0.34 12.87** -13.72** 

TGMS-4*UPRI-93-287R 49.96** 1.59 -1.59 43.14** 8.64** -8.50** 3.62 -20.79** 

TGMS-5*Pant Basmati-1 42.86** -3.23 -6.25** 36.36** 21.31** 2.17 15.70** -11.55** 

TGMS-5*Pant Dhan-4 90.44** 29.01** 24.97** 81.78** 15.59** -2.65 10.25** -15.72** 

TGMS-5*Pant Dhan-12 66.63** 12.88** 9.35** 59.05** 16.01** -2.30 10.64** -15.42** 

TGMS-5*UPRI-93-287R 50.00** 1.61 -1.56 43.18** 14.05** -3.95 8.78** -16.84** 

TGMS-6*Pant Basmati-1 16.63** -20.99** -23.46** 11.33** 22.46** 3.13 16.80** -10.72** 

TGMS-6*Pant Dhan-4 19.05** -19.35** -21.88** 13.64** 15.43** -2.79 10.09** -15.84** 

TGMS-6*Pant Dhan-12 69.05** 14.52** 10.94** 61.36** 5.83* -10.87** 0.94 -22.84** 

TGMS-6*UPRI-93-287R 38.06** -6.48** -9.40** 31.78** 7.01** -9.88** 2.07 -21.98** 

TGMS-7*Pant Basmati-1 28.57** -12.90** -15.63** 22.73** 24.88** 5.17* 19.11** -8.95** 

TGMS-7*Pant Dhan-4 23.81** -16.13** -18.75** 18.18** 16.46** -1.92 11.08** -15.09** 

TGMS-7*Pant Dhan-12 35.67** -8.09** -10.96** 29.51** 8.95** -8.24** 3.92 -20.56** 

TGMS-7*UPRI-93-287R 107.14** 40.32** 35.94** 97.73** 8.64** -8.50** 3.62 -20.79** 

TGMS-8*Pant Basmati-1 42.82** -3.25 -6.28** 36.33** 17.61 -0.95 12.17** -14.25** 

TGMS-8*Pant Dhan-4 76.19** 19.35** 15.63** 68.18** 6.77** -10.08** 1.84 -22.15** 

TGMS-8*Pant Dhan-12 26.19** -14.52** -17.19** 20.45** 7.04** -9.85** 2.09 -21.96** 

TGMS-8*UPRI-93-287R 61.87** 9.65** 6.22** 54.51** 2.91 -13.33** -1.85 -24.97** 

TGMS-9*Pant Basmati-1 42.90** -3.20 -6.22** 36.40** 24.97** 5.25* 19.20** -8.88** 

TGMS-9*Pant Dhan-4 33.33** -9.68** -12.50** 27.27** 7.27** -9.66** 2.31 -21.79** 

TGMS-9*Pant Dhan-12 30.95** -11.29** -14.06** 25.00** 15.41** -2.80 10.08** -15.85** 

TGMS-9*UPRI-93-287R 16.67** -20.97** -23.44** 11.36** 9.85** -7.48** 4.78* -19.91** 

TGMS-10*Pant Basmati-1 26.19** -14.52** -17.19** 20.45** 21.32** 2.18 15.72** -11.54** 

TGMS-10*Pant Dhan-4 40.44** -4.87* -7.84** 34.05** 20.69** 1.64 15.11** -12.00** 

TGMS-10*Pant Dhan-12 57.18** 6.48** 3.15 50.04** 11.32** -6.25** 6.18** -18.84** 

TGMS-10*UPRI-93-287R 40.48** -4.84* -7.81** 34.09** 10.57** -6.88** 5.46* -19.39** 

TGMS-11*Pant Basmati-1 28.57** -12.90** -15.63** 22.73** 26.99** 6.95** 21.12** -7.41** 

TGMS-11*Pant Dhan-4 28.57** -12.90** -15.63** 22.73** 14.30** -3.74 9.01** -16.67** 

TGMS-11*Pant Dhan-12 40.44** -4.87* -7.84** 34.05** 16.64** -1.77 11.25** -14.96** 

TGMS-11*UPRI-93-287R 66.67** 12.90** 9.38** 59.09** 17.61** -0.95 12.17** -14.25** 

TGMS-12*Pant Basmati-1 30.99** -11.26** -14.04** 25.04** 30.86** 10.20** 24.81** -4.59** 

TGMS-12*Pant Dhan-4 42.86** -3.23 -6.25** 36.36** 14.46** -3.61 9.17** -16.55** 

TGMS-12*Pant Dhan-12 38.10** -6.45** -9.38** 31.82** 13.33** -4.56* 8.09** -17.37** 

TGMS-12*UPRI-93-287R 42.86** -3.23 -6.25** 36.36** 17.04** -1.43 11.63** -14.66** 

TGMS-13*Pant Basmati-1 30.95** -11.29** -14.06** 25.00 20.19** 1.22 14.64** -12.37** 

TGMS-13*Pant Dhan-4 9.48** -25.83** -28.15** 4.51 16.40** -1.97 11.02** -15.14** 

TGMS-13*Pant Dhan-12 52.34** 3.20 -0.03 45.42** 8.56** -8.57** 3.54 -20.85** 

TGMS-13*UPRI-93-287R 45.24** -1.61 -4.69* 38.64** 13.73** -4.22* 8.47** -17.08** 

TGMS-14*Pant Basmati-1 14.29** -22.58** -25.00** 9.09** 28.27** 8.03** 22.34** -6.48** 

TGMS-14*Pant Dhan-4 83.33** 24.19** 20.31** 75.00** 19.16** 0.35 13.65** -13.12** 

TGMS-14*Pant Dhan-12 30.95** -11.29** -14.06** 25.00** 18.00** -0.62 12.54** -13.97** 

TGMS-14*UPRI-93-287R 54.76** 4.84* 1.56 47.73** 20.58** 1.55 15.01** -12.08** 

TGMS-15*Pant Basmati-1 69.01** 14.49** 10.91** 61.33** 25.77** 5.92** 19.95** -8.30** 

TGMS-15*Pant Dhan-4 35.71** -8.06** -10.94** 29.55** 25.28** 5.51** 19.49** -8.66** 

TGMS-15*Pant Dhan-12 45.24** -1.61 -4.69* 38.64** 18.35** -0.33 12.88** -13.71** 

TGMS-15*UPRI-93-287R 35.67** -8.09** -10.96** 29.51** 9.21** -8.03** 4.16 -20.38** 

TGMS-16*Pant Basmati-1 50.00** 1.61 -1.56 43.18** 14.78** -3.33 9.48** -16.31** 

TGMS-16*Pant Dhan-4 64.29** 11.29** 7.81** 56.82** 11.87** -5.78** 6.70** -18.43** 

TGMS-16*Pant Dhan-12 54.76** 4.84* 1.56 47.73** 17.06** -1.42 11.65** -14.65** 

TGMS-16*UPRI-93-287R 61.94** 9.70** 6.28** 54.58** 10.43** -7.00** 5.33* -19.48** 

TGMS-17*Pant Basmati-1 14.29** -22.58** -25.00** 9.09** 25.93** 6.05** 20.11** -8.19** 

TGMS-17*Pant Dhan-4 2.42 -30.62** -32.79** -2.23 19.95** 1.02 14.41** -12.54** 
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TGMS-17*Pant Dhan-12 50.00** 1.61 -1.56 43.18** 18.16** -0.49 12.70** -13.85** 

TGMS-17*UPRI-93-287R 66.71** 12.93** 9.40** 59.13** 15.02** -3.13 9.71** -16.14** 

TGMS-18*Pant Basmati-1 59.52** 8.06** 4.69* 52.27** 20.18** 1.21 14.63** -12.38** 

TGMS-18*Pant Dhan-4 19.05** -19.35** -21.88** 13.64** 19.06** 0.27 13.56** -13.19** 

TGMS-18*Pant Dhan-12 28.57** -12.90** -15.63** 22.73** 7.03** -9.86** 2.08 -21.97** 

TGMS-18*UPRI-93-287R 21.43** -17.74** -20.31** 15.91** 10.49** -6.95** 5.38* -19.44** 

 

4.2.5 Spikelet number per panicle 

The best check for more spikelet number per panicle was Pant Sankar Dhan-3. Out 

of 72 hybrids, 20 cross combinations manifested significant and positive heterosis for 

panicle length. The estimates ranged between -29.26 (TGMS-14 × UPRI-93-287R) to 

40.50 (TGMS-17 × Pant Basmati-1). The best hybrids showing high heterosis for more 

spikeletes number per panicle were TGMS-17 × Pant Basmati-1 (40.50), TGMS-17 × Pant 

Dhan-4 (37.79), TGMS-18 × Pant Dhan-4 (33.33), TGMS-10 × Pant Dhan-4 (30.81) and 

TGMS-1 × Pant Dhan-4 (27.13). Similar results have been reported by Radhidevi et al. 

(2002), Patil et al. (2003) and Chandirakala and Thiyagarajan (2010). 

4.2.6 Grain number per panicle 

The best check for more grain number per panicle was Pant Sankar Dhan-3, out of 

72 cross combinations the 15 crosses showed the significant and positive heterosis for 

grain number per panicle (Table-4.9). The estimates heterosis ranged between the -31.89 

(TGMS-14 × Pant Dhan-12) to 28.20 (TGMS-10 × Pant Dhan-4). The five best hybrids 

showing high heterosis for more grain number per panicle were TGMS-10 × Pant Dhan-4 

(28.20), TGMS-17 × Pant Basmati-1 (24.09), TGMS-11 × Pant Dhan-4 (15.55), TGMS-9 

× Pant Dhan-4 (15.34) and TGMS-13 × Pant Dhan-4 (15.13). Standard heterosis for this 

trait has also been observed by Liu et al. (2005). 

Table 4.9: Percent standard heterosis for spikelet number per panicle and grain number 

per panicle 
Cross Spikeletes number per panicle Grain number per panicle 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan-3 

UPRH- 

128 

UPRH-

131 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan-3 

UPRH- 

128 

UPRH-

131 

TGMS-1*Pant Basmati-1 -32.84** -20.35** -31.56** -39.16** -36.85** -31.15** -31.19** -34.64** 

TGMS-1*Pant Dhan-4 7.19** 27.13** 9.24** -2.89 -10.06** -1.95 -2.00 -6.91** 

TGMS-1*Pant Dhan-12 -13.15** 3.00 -11.49** -21.32** -10.25** -2.16 -2.21 -7.11** 

TGMS-1*UPRI-93-287R -19.53** -4.56* -17.99** -27.09** -6.96** 1.42 1.37 -3.71 

TGMS-2*Pant Basmati-1 -20.42** -5.62** -18.90** -27.91** -15.57** -7.96** -8.01** -12.61** 

TGMS-2*Pant Dhan-4 -3.19 14.82** -1.33 -12.29** -4.06* 4.59* 4.53* -0.70 

TGMS-2*Pant Dhan-12 -30.64** -17.73** -29.31** -37.16** -29.21** -22.83** -22.87** -26.73** 

TGMS-2*UPRI-93-287R -24.67** -10.66** -23.23** -31.75** -14.80** -7.12** -7.17** -11.81** 

TGMS-3*Pant Basmati-1 -8.17** 8.91** -6.41** -16.80** -9.58** -1.42 -1.48 -6.41** 

TGMS-3*Pant Dhan-4 -6.29** 11.14** -4.50* -15.10** 2.22 11.44** 11.38** 5.81** 

TGMS-3*Pant Dhan-12 -13.64** 2.42 -11.99** -21.76** -11.02** -3.00 -3.06 -7.91** 
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TGMS-3*UPRI-93-287R -29.58** -16.47** -28.23** -36.20** -23.41** -16.50** -16.55** -20.72** 

TGMS-4*Pant Basmati-1 -21.32** -6.69** -19.82** -28.72** -15.67** -8.07** -8.12** -12.72** 

TGMS-4*Pant Dhan-4 -16.91** -1.46 -15.32** -24.72** -11.61** -3.64 -3.69 -8.51** 

TGMS-4*Pant Dhan-12 -28.11** -14.73** -26.73** -34.86** -23.12** -16.19** -16.23** -20.42** 

TGMS-4*UPRI-93-287R -24.75** -10.76** -23.31** -31.83** -29.60** -23.25** -23.29** -27.13** 

TGMS-5*Pant Basmati-1 -26.23** -12.50** -24.81** -33.16** -17.80** -10.38** -10.43** -14.92** 

TGMS-5*Pant Dhan-4 -17.48** -2.13 -15.90** -25.24** -16.15** -8.59** -8.64** -13.21** 

TGMS-5*Pant Dhan-12 -33.91** -21.61** -32.64** -40.12** -36.94** -31.26** -31.30** -34.74** 

TGMS-5*UPRI-93-287R -31.13** -18.31** -29.81** -37.60** -25.92** -19.24** -19.28** -23.32** 

TGMS-6*Pant Basmati-1 -26.72** -13.08** -25.31** -33.60** -21.66** -14.60** -14.65** -18.92** 

TGMS-6*Pant Dhan-4 -5.23** 12.40** -3.41 -14.14** -0.97 7.96** 7.90** 2.50 

TGMS-6*Pant Dhan-12 -35.86** -23.93** -34.64** -41.89** -32.69** -26.62** -26.66** -30.33** 

TGMS-6*UPRI-93-287R -4.08* 13.76** -2.25 -13.10** -1.07 7.85** 7.79** 2.40 

TGMS-7*Pant Basmati-1 -19.93** -5.04* -18.40** -27.46** -13.44** -5.64** -5.69** -10.41** 

TGMS-7*Pant Dhan-4 -11.19** 5.33* -9.49** -19.54** -4.45* 4.16* 4.11* -1.10 

TGMS-7*Pant Dhan-12 -30.80** -17.93** -29.48** -37.31** -25.63** -18.92** -18.97** -23.02** 

TGMS-7*UPRI-93-287R -32.92** -20.45** -31.64** -39.23** -33.46** -27.46** -27.50** -31.13** 

TGMS-8*Pant Basmati-1 -31.29** -18.51** -29.98** -37.75** -24.57** -17.76** -17.81** -21.92** 

TGMS-8*Pant Dhan-4 -15.03** 0.77 -13.41** -23.02** -18.57** -11.23** -11.28** -15.72** 

TGMS-8*Pant Dhan-12 -34.97** -22.87** -33.72** -41.08** -27.37** -20.82** -20.87** -24.83** 

TGMS-8*UPRI-93-287R -32.03** -19.38** -30.72** -38.42** -23.41** -16.50** -16.55** -20.72** 

TGMS-9*Pant Basmati-1 -5.80** 11.72** -4.00* -14.66** 1.93 11.12** 11.06** 5.50** 

TGMS-9*Pant Dhan-4 5.23** 24.80** 7.24** -4.66** 5.80** 15.34** 15.28** 9.51** 

TGMS-9*Pant Dhan-12 -20.34** -5.52** -18.82** -27.83** -17.12** -9.65** -9.70** -14.22** 

TGMS-9*UPRI-93-287R -25.82** -12.02** -24.40** -32.79** -19.44** -12.18** -12.22** -16.62** 

TGMS-10*Pant Basmati-1 -24.84** -10.85** -23.40** -31.90** -16.44** -8.91** -8.96** -13.51** 

TGMS-10*Pant Dhan-4 10.29** 30.81** 12.41** -0.07 17.60** 28.20** 28.13** 21.72** 

TGMS-10*Pant Dhan-12 -38.32** -26.84** -37.14** -44.12** -33.66** -27.68** -27.71** -31.33** 

TGMS-10*UPRI-93-287R -30.15** -17.15** -28.81** -36.71** -20.12** -12.92** -12.96** -17.32** 

TGMS-11*Pant Basmati-1 -14.62** 1.26 -12.99** -22.65** -13.15** -5.32** -5.38** -10.11** 

TGMS-11*Pant Dhan-4 6.05** 25.77** 8.08** -3.92* 5.99** 15.55** 15.49** 9.71** 

TGMS-11*Pant Dhan-12 -21.98** -7.46** -20.48** -29.31** -22.92** -15.97** -16.02** -20.22** 

TGMS-11*UPRI-93-287R -27.94** -14.54** -26.56** -34.72** -21.28** -14.18** -14.23** -18.52** 

TGMS-12*Pant Basmati-1 -17.73** -2.43 -16.15** -25.46** -21.47** -14.39** -14.44** -18.72** 

TGMS-12*Pant Dhan-4 4.41* 23.84** 6.41** -5.40** 0.96 10.07** 10.01** 4.50* 

TGMS-12*Pant Dhan-12 -20.18** -5.33* -18.65** -27.68** -18.86** -11.54** -11.59** -16.02** 

TGMS-12*UPRI-93-287R -22.14** -7.65** -20.65** -29.46** -20.70** -13.55** -13.59** -17.92** 

TGMS-13*Pant Basmati-1 -23.20** -8.92** -21.73** -30.42** -28.43** -21.98** -22.02** -25.93** 

TGMS-13*Pant Dhan-4 4.82** 24.32** 6.83** -5.03** 5.61** 15.13** 15.06** 9.31** 

TGMS-13*Pant Dhan-12 -29.08** -15.89** -27.73** -35.75** -23.31** -16.40** -16.44** -20.62** 

TGMS-13*UPRI-93-287R -17.81** -2.52 -16.24** -25.54** -16.64** -9.12** -9.17** -13.72** 

TGMS-14*Pant Basmati-1 -31.13** -18.32** -29.81** -37.60** -28.34** -21.88** -21.92** -25.83** 

TGMS-14*Pant Dhan-4 -14.71** 1.16 -13.07** -22.72** -5.51** 3.00 2.95 -2.20 

TGMS-14*Pant Dhan-12 -35.95** -24.03** -34.72** -41.97** -37.53** -31.89** -31.93** -35.34** 

TGMS-14*UPRI-93-287R -40.36** -29.26** -39.22** -45.97** -34.62** -28.73** -28.77** -32.33** 

TGMS-15*Pant Basmati-1 -0.65 17.83** 1.25 -9.99** -6.38** 2.06 2.00 -3.10 

TGMS-15*Pant Dhan-4 -12.01** 4.36* -10.32** -20.28** -12.96** -5.11* -5.16* -9.91** 

TGMS-15*Pant Dhan-12 -17.40** -2.04 -15.82** -25.17** -18.38** -11.02** -11.07** -15.52** 

TGMS-15*UPRI-93-287R -2.53 15.60** -0.67 -11.70** -2.52 6.27** 6.22** 0.90 

TGMS-16*Pant Basmati-1 -35.86** -23.93** -34.64** -41.89** -35.30** -29.47** -29.51** -33.03** 

TGMS-16*Pant Dhan-4 -35.46** -23.45** -34.22** -41.52** -32.59** -26.52** -26.56** -30.23** 

TGMS-16*Pant Dhan-12 -21.24** -6.59** -19.73** -28.65** -20.60** -13.44** -13.49** -17.82** 

TGMS-16*UPRI-93-287R -22.39** -7.95** -20.90** -29.68** -12.28** -4.38* -4.43* -9.21** 

TGMS-17*Pant Basmati-1 18.46** 40.50** 20.73** 7.33** 13.83** 24.09** 24.02** 17.82** 

TGMS-17*Pant Dhan-4 16.18** 37.79** 18.40** 5.26** 2.61 11.86** 11.80** 6.20** 

TGMS-17*Pant Dhan-12 -12.25** 4.07 -10.57** -20.50** -9.58** -1.42 -1.48 -6.41** 

TGMS-17*UPRI-93-287R -14.87** 0.97 -13.24** -22.87** -13.25** -5.43** -5.48** -10.21** 

TGMS-18*Pant Basmati-1 -13.56** 2.52 -11.91** -21.69** -11.90** -3.95 -4.01* -8.81** 

TGMS-18*Pant Dhan-4 12.42** 33.33** 14.57** 1.85 -1.45 7.43** 7.37** 2.00 

TGMS-18*Pant Dhan-12 -7.92** 9.20** -6.16** -16.58** -13.73** -5.96** -6.01** -10.71** 

TGMS-18*UPRI-93-287R -16.34** -0.78 -14.74** -24.21** -8.13** 0.16 0.10 -4.91* 
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4.2.7 Percent spikelet fertility 

The best check for more percent spikeletes fertility was UPRH-131, out of 72 cross 

combinations the 69 crosses showed the significant and positive heterosis for percent 

spikelet fertility. The estimates heterosis ranged between the -4.14 (TGMS-1 × Pant Dhan-

4) to 32.08 (TGMS-1 × UPRI-93-287R). The five best hybrids showed high heterosis for 

more percent spikelet fertility were TGMS-1 × UPRI-93-287R (32.08), TGMS-10 × UPRI-

93-287R (30.65), TGMS-2 × UPRI-93-287R (29.23), TGMS-16 × UPRI-93-287R (29.11) 

and TGMS-8 × UPRI-93-287R (28.74). 

4.2.8 1000 grain weight 

The best check for 1000 grain weight was Pant Sankar Dhan-1. Out of 72 hybrids, 

33 cross combinations manifested significant and positive heterosis for 1000 grain weight. 

The estimates ranged between -14.75 (TGMS-7 × Pant Basmati-1) to 26.70 (TGMS-4 × 

Pant Dhan-4). The best hybrids showing high heterosis for more 1000 grain weight over 

the check were TGMS-4 × Pant Dhan-4 (26.70), TGMS-18 × Pant Dhan-4 (24.04), TGMS-

15 × Pant Dhan-4 (21.56), TGMS-3 × Pant Dhan-4 (14.85) and TGMS-14 × UPRI-93-

287R (13.77). Significant positive heterosis for 1000 grain weight have also been reported 

by Ramalingam et al. (2001), Suresh et al. (2000), Liu et al. (2005) and Chandirakala 

and Thiyagarajan (2010). 

Table 4.10: Percent standard heterosis percent spikeletes fertility and 1000 grain weight 

Cross Percent Spikeletes fertility 1000 Grain weight 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan -3 

UPRH- 

128 

UPRH-

131 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan -3 

UPRH- 

128 

UPRH-

131 

TGMS-1*Pant Basmati-1 -5.95** -13.56** 0.54 7.44** -6.37** -9.96** -18.71** -9.16** 

TGMS-1*Pant Dhan-4 -16.09** -22.87** -10.29** -4.14 8.63** 4.46* -5.68** 5.39* 

TGMS-1*Pant Dhan-12 3.35 -5.01* 10.49** 18.07** 6.97** 2.87 -7.12** 3.78 

TGMS-1*UPRI-93-287R 15.61** 6.26** 23.60** 32.08** 9.21** 5.02* -5.18** 5.95** 

TGMS-2*Pant Basmati-1 6.11** -2.47 13.44** 21.22** -10.33** -13.77** -22.15** -13.01** 

TGMS-2*Pant Dhan-4 -0.90 -8.91** 5.94* 13.21** 6.56** 2.47 -7.48** 3.38 

TGMS-2*Pant Dhan-12 2.06 -6.19** 9.11** 16.60** 4.72* 0.70 -9.08** 1.59 

TGMS-2*UPRI-93-287R 13.12** 3.97* 20.93** 29.23** 8.22** 4.06 -6.04** 4.98* 

TGMS-3*Pant Basmati-1 -1.52 -9.48** 5.28* 12.50** 6.81** 2.71 -7.27** 3.62 

TGMS-3*Pant Dhan-4 9.09** 0.27 16.63** 24.63** 14.85** 10.44** -0.29 11.41** 

TGMS-3*Pant Dhan-12 3.03 -5.30** 10.15** 17.70** -5.79* -9.40** -18.20** -8.60** 

TGMS-3*UPRI-93-287R 8.76** -0.03 16.28** 24.25** -0.57 -4.38* -13.67** -3.54 

TGMS-4*Pant Basmati-1 7.20** -1.47 14.61** 22.47** -11.68** -15.07** -23.32** -14.32** 

TGMS-4*Pant Dhan-4 6.39** -2.21 13.74** 21.54** 26.70** 21.83** 10.00** 22.91** 

TGMS-4*Pant Dhan-12 6.95** -1.69 14.34** 22.18** 14.78** 10.37** -0.35 11.35** 

TGMS-4*UPRI-93-287R -6.42** -13.99** 0.04 6.90** -4.54* -8.21** -17.12** -7.40** 

TGMS-5*Pant Basmati-1 11.44** 2.43 19.13** 27.31** -0.90 -4.70* -13.96** -3.86 

TGMS-5*Pant Dhan-4 1.62 -6.60** 8.64** 16.09** 10.79** 6.53** -3.81 7.48** 

TGMS-5*Pant Dhan-12 -4.59* -12.31** 2.00 8.99** 14.68** 10.28** -0.43 11.25** 
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TGMS-5*UPRI-93-287R 7.56** -1.13 14.99** 22.88** -0.06 -3.89 -13.23** -3.04 

TGMS-6*Pant Basmati-1 6.90** -1.74 14.28** 22.13** -1.48 -5.26* -14.46** -4.42* 

TGMS-6*Pant Dhan-4 4.50* -3.95* 11.72** 19.38** 5.22* 1.18 -8.65** 2.08 

TGMS-6*Pant Dhan-12 4.96* -3.52 12.21** 19.91** 8.88** 4.70* -5.47** 5.63* 

TGMS-6*UPRI-93-287R 3.15 -5.19** 10.27** 17.83** -4.71* -8.37** -17.27** -7.56** 

TGMS-7*Pant Basmati-1 8.11** -0.63 15.58** 23.51** -14.75** -18.02** -25.98** -17.30** 

TGMS-7*Pant Dhan-4 7.60** -1.10 15.04** 22.93** 6.89** 2.79 -7.19** 3.70 

TGMS-7*Pant Dhan-12 7.48** -1.21 14.90** 22.79** -4.97* -8.62** -17.49** -7.81** 

TGMS-7*UPRI-93-287R -0.80 -8.82** 6.05** 13.33** -1.22 -5.01* -14.23** -4.17 

TGMS-8*Pant Basmati-1 9.79** 0.91 17.37** 25.43** -0.58 -4.40* -13.68** -3.55 

TGMS-8*Pant Dhan-4 -4.16 -11.90** 2.46 9.49** 0.69 -3.17 -12.58** -2.32 

TGMS-8*Pant Dhan-12 11.68** 2.66 19.40** 27.59** 7.72** 3.59 -6.47** 4.50* 

TGMS-8*UPRI-93-287R 12.69** 3.58 20.47** 28.74** 3.83 -0.16 -9.86** 0.72 

TGMS-9*Pant Basmati-1 8.22** -0.53 15.69** 23.63** 2.09 -1.83 -11.37** -0.96 

TGMS-9*Pant Dhan-4 0.54 -7.58** 7.49** 14.86** 10.70** 6.45** -3.88* 7.40** 

TGMS-9*Pant Dhan-12 4.05 -4.36* 11.23** 18.87** 0.93 -2.95 -12.37** -2.09 

TGMS-9*UPRI-93-287R 8.61** -0.17 16.11** 24.08** 3.49 -0.48 -10.14** 0.40 

TGMS-10*Pant Basmati-1 11.18** 2.19 18.85** 27.01** -8.27** -11.79** -20.36** -11.01** 

TGMS-10*Pant Dhan-4 6.63** -1.99 13.99** 21.81** 4.25 0.25 -9.48** 1.14 

TGMS-10*Pant Dhan-12 7.56** -1.13 14.99** 22.88** 2.09 -1.83 -11.37** -0.96 

TGMS-10*UPRI-93-287R 14.36** 5.12* 22.26** 30.65** 6.15** 2.07 -7.84** 2.97 

TGMS-11*Pant Basmati-1 1.72 -6.50** 8.75** 16.21** -7.79** -11.33** -19.94** -10.54** 

TGMS-11*Pant Dhan-4 -0.05 -8.13** 6.86** 14.19** 11.35** 7.08** -3.32 8.03** 

TGMS-11*Pant Dhan-12 -1.21 -9.19** 5.62* 12.86** -7.28** -10.84** -19.50** -10.05** 

TGMS-11*UPRI-93-287R 9.26** 0.42 16.80** 24.82** -0.39 -4.21 -13.51** -3.36 

TGMS-12*Pant Basmati-1 -4.55* -12.26** 2.05 9.05** -4.14 -7.82** -16.77** -7.01** 

TGMS-12*Pant Dhan-4 -3.29 -11.11** 3.39 10.48** 12.68** 8.35** -2.17 9.31** 

TGMS-12*Pant Dhan-12 1.66 -6.56** 8.68** 16.13** -2.39 -6.14** -15.25** -5.31* 

TGMS-12*UPRI-93-287R 1.86 -6.38** 8.89** 16.36** 8.22** 4.06 -6.04** 4.98* 

TGMS-13*Pant Basmati-1 -6.81** -14.35** -0.38 6.46** -9.27** -12.75** -21.22** -11.98** 

TGMS-13*Pant Dhan-4 0.75 -7.39** 7.71** 15.10** -1.23 -5.02* -14.24** -4.18 

TGMS-13*Pant Dhan-12 8.15** -0.59 15.62** 23.55** 3.00 -0.96 -10.58** -0.08 

TGMS-13*UPRI-93-287R 1.43 -6.77** 8.43** 15.87** 1.59 -2.31 -11.80** -1.45 

TGMS-14*Pant Basmati-1 4.06 -4.35* 11.25** 18.88** 5.50* 1.45 -8.41** 2.34 

TGMS-14*Pant Dhan-4 10.78** 1.83 18.44** 26.56** 7.90** 3.76 -6.32** 4.68* 

TGMS-14*Pant Dhan-12 -2.46 -10.35** 4.27 11.43** 7.22** 3.11 -6.91** 4.02 

TGMS-14*UPRI-93-287R 9.62** 0.76 17.20** 25.24** 13.77** 9.40** -1.22 10.37** 

TGMS-15*Pant Basmati-1 -5.76** -13.38** 0.75 7.66** 8.80** 4.62* -5.54** 5.55* 

TGMS-15*Pant Dhan-4 -1.08 -9.08** 5.75* 13.01** 21.56** 16.89** 5.54** 17.93** 

TGMS-15*Pant Dhan-12 -1.17 -9.16** 5.65* 12.90** -12.01** -15.39** -23.61** -14.64** 

TGMS-15*UPRI-93-287R 0.02 -8.06** 6.93** 14.27** -2.54 -6.28** -15.38** -5.45* 

TGMS-16*Pant Basmati-1 0.89 -7.27** 7.86** 15.26** -1.39 -5.18* -14.39** -4.34* 

TGMS-16*Pant Dhan-4 4.44* -4.00* 11.65** 19.31** 8.70** 4.53* -5.62** 5.45* 

TGMS-16*Pant Dhan-12 0.82 -7.33** 7.78** 15.17** 1.75 -2.15 -11.65** -1.29 

TGMS-16*UPRI-93-287R 13.02** 3.88 20.82** 29.11** 9.36** 5.17* -5.05* 6.10** 

TGMS-17*Pant Basmati-1 -3.90 -11.67** 2.73 9.78** 2.75 -1.20 -10.79** -0.32 

TGMS-17*Pant Dhan-4 -11.67** -18.81** -5.57* 0.91 11.30** 7.03** -3.37 7.97** 

TGMS-17*Pant Dhan-12 3.05 -5.28** 10.17** 17.73** 0.47 -3.39 -12.77** -2.53 

TGMS-17*UPRI-93-287R 1.88 -6.35** 8.92** 16.39** -5.62* -9.24** -18.06** -8.44** 

TGMS-18*Pant Basmati-1 1.93 -6.31** 8.97** 16.45** 7.14** 3.03 -6.98** 3.94 

TGMS-18*Pant Dhan-4 -12.34** -19.42** -6.28** 0.15 24.04** 19.28** 7.70** 20.34** 

TGMS-18*Pant Dhan-12 -6.31** -13.88** 0.16 7.03** -0.47 -4.29* -13.59** -3.44 

TGMS-18*UPRI-93-287R 9.83** 0.95 17.41** 25.47** 4.47* 0.46 -9.29** 1.35 

4.2.9 Harvest index 

The best check for high harvest index was Pant Sankar Dhan-1, out of 72 cross 

combinations the 34 crosses showed the significant and positive heterosis for Harvest 

index. The estimates heterosis ranged between the -35.22 (TGMS-15 × Pant Basmati-1) to 



Result and Discussion ………….. 

36.98 (TGMS-16 × Pant Basmati-1). The five best hybrids showing high heterosis for high 

Harvest index were TGMS-16 × Pant Basmati-1 (36.98), TGMS-13 × Pant Basmati-1 

(28.91), TGMS-10 × Pant Dhan-4 (27.20), TGMS-18 × Pant Dhan-4 (25.53) and TGMS-

10 × Pant Dhan-12 (23.17). 

4.2.10 Grain yield per plant 

The best check for grain yield per plant was UPRH-131. Out of 72 hybrids, 71 

cross combinations manifested significant and positive heterosis for grain yield per plant 

(Table-4.11). The estimates ranged between 7.56 (TGMS-3 × UPRI-93-287R) to 184.11 

(TGMS-14 × Pant Dhan-4). The best hybrids showing high heterosis for more grain yield 

per plant over the check were TGMS-14 × Pant Dhan-4 (184.11), TGMS-16 × UPRI-93-

287R (157.90), TGMS-17 × UPRI-93-287R (156.52), TGMS-9 × Pant Basmati-1 (146.86) 

and TGMS-14 × UPRI-93-287R (128.94). Heterosis for grain yield over standard parent 

has also been observed by Dela-Rosa et al. (2003).   

Table 4.11: Percent standard heterosis harvest index and grain yield per plant 

Cross Harvest index           Grain yield per plant 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan -3 

UPRH- 

128 

UPRH-

131 

Pant 

Sankar  

Dhan-1 

Pant 

Sankar  

Dhan -3 

UPRH- 

128 

UPRH-

131 

TGMS-1*Pant Basmati-1 -13.78** -37.72** -17.63** -27.89** -1.20 -4.83 -6.68* 15.84** 

TGMS-1*Pant Dhan-4 -24.77** -45.65** -28.12** -37.08** 8.22* 4.24 2.21 26.88** 

TGMS-1*Pant Dhan-12 11.09** -19.75** 6.13** -7.09** 5.88 1.98 0.00 24.14** 

TGMS-1*UPRI-93-287R -3.06 -29.97** -7.38** -18.92** 9.41** 5.38 3.33 28.27** 

TGMS-2*Pant Basmati-1 0.11 -27.68** -4.35* -16.27** 22.33** 17.83** 15.54** 43.42** 

TGMS-2*Pant Dhan-4 3.54 -25.20** -1.08 -13.40** 3.52 -0.29 -2.23 21.37** 

TGMS-2*Pant Dhan-12 2.26 -26.13** -2.30 -14.47** 8.23* 4.25 2.22 26.89** 

TGMS-2*UPRI-93-287R 11.08** -19.75** 6.13** -7.10** 5.87 1.97 -0.01 24.12** 

TGMS-3*Pant Basmati-1 7.22** -22.54** 2.44 -10.32** 14.11** 9.90** 7.77* 33.78** 

TGMS-3*Pant Dhan-4 18.76** -14.21** 13.46** -0.67 21.16** 16.70** 14.43** 42.05** 

TGMS-3*Pant Dhan-12 13.39** -18.09** 8.33** -5.17** 19.98** 15.56** 13.31** 40.66** 

TGMS-3*UPRI-93-287R -0.04 -27.79** -4.50* -16.40** -8.25* -11.63** -13.35** 7.56 

TGMS-4*Pant Basmati-1 8.42** -21.68** 3.58 -9.32** 34.69** 29.73** 27.21** 57.91** 

TGMS-4*Pant Dhan-4 -13.22** -37.31** -17.09** -27.42** 29.40** 24.63** 22.21** 51.71** 

TGMS-4*Pant Dhan-12 -6.93** -32.76** -11.08** -22.16** 16.46** 12.17** 9.99** 36.54** 

TGMS-4*UPRI-93-287R -12.37** -36.70** -16.28** -26.71** 47.04** 41.63** 38.88** 72.39** 

TGMS-5*Pant Basmati-1 2.37 -26.04** -2.19 -14.38** 18.22** 13.87** 11.66** 38.60** 

TGMS-5*Pant Dhan-4 -4.21 -30.80** -8.48** -19.88** 52.94** 47.30** 44.44** 79.30** 

TGMS-5*Pant Dhan-12 3.46 -25.26** -1.15 -13.47** 5.87 1.97 -0.01 24.12** 

TGMS-5*UPRI-93-287R 0.61 -27.32** -3.88 -15.85** 43.51** 38.22** 35.53** 68.25** 

TGMS-6*Pant Basmati-1 -2.66 -29.68** -7.00** -18.58** 32.34** 27.47** 24.99** 55.15** 

TGMS-6*Pant Dhan-4 19.13** -13.94** 13.82** -0.36 77.63** 71.09** 67.76** 108.25** 

TGMS-6*Pant Dhan-12 7.93** -22.03** 3.11 -9.73** 47.04** 41.63** 38.88** 72.39** 

TGMS-6*UPRI-93-287R -11.09** -35.77** -15.05** -25.64** 16.47** 12.18** 10.00** 36.55** 

TGMS-7*Pant Basmati-1 3.53 -25.21** -1.09 -13.41** 45.86** 40.49** 37.76** 71.00** 

TGMS-7*Pant Dhan-4 18.30** -14.54** 13.02** -1.06 61.16** 55.23** 52.21** 88.94** 

TGMS-7*Pant Dhan-12 -12.54** -36.81** -16.44** -26.85** 17.64** 13.30** 11.10** 37.92** 

TGMS-7*UPRI-93-287R 1.29 -26.82** -3.22 -15.28** 69.39** 63.15** 59.98** 98.59** 

TGMS-8*Pant Basmati-1 11.45** -19.49** 6.48** -6.79** 32.92** 28.02** 25.53** 55.83** 

TGMS-8*Pant Dhan-4 -6.63** -32.55** -10.80** -21.91** 36.46** 31.43** 28.88** 59.98** 
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TGMS-8*Pant Dhan-12 8.63** -21.52** 3.79 -9.14** 35.28** 30.30** 27.77** 58.60** 

TGMS-8*UPRI-93-287R -1.69 -28.98** -6.07** -17.78** 27.05** 22.37** 19.99** 48.95** 

TGMS-9*Pant Basmati-1 10.80** -19.95** 5.86** -7.33** 110.56** 102.80** 98.86** 146.86** 

TGMS-9*Pant Dhan-4 -8.93** -34.21** -13.00** -23.83** 26.46** 21.80** 19.43** 48.26** 

TGMS-9*Pant Dhan-12 0.85 -27.15** -3.65 -15.66** 16.45** 12.16** 9.98** 36.52** 

TGMS-9*UPRI-93-287R -2.33 -29.44** -6.69** -18.31** 37.63** 32.57** 29.99** 61.36** 

TGMS-10*Pant Basmati-1 18.93** -14.08** 13.63** -0.53 56.46** 50.69** 47.76** 83.43** 

TGMS-10*Pant Dhan-4 27.20** -8.11** 21.53** 6.39** 65.87** 59.76** 56.65** 94.46** 

TGMS-10*Pant Dhan-12 23.17** -11.02** 17.68** 3.02 41.16** 35.96** 33.32** 65.50** 

TGMS-10*UPRI-93-287R 6.80** -22.85** 2.04 -10.67** 51.75** 46.16** 43.32** 77.91** 

TGMS-11*Pant Basmati-1 3.94 -24.91** -0.69 -13.06** 45.87** 40.50** 37.77** 71.01** 

TGMS-11*Pant Dhan-4 -4.99* -31.36** -9.23** -20.54** 35.29** 30.31** 27.78** 58.61** 

TGMS-11*Pant Dhan-12 -17.69** -40.53** -21.36** -31.15** 20.58** 16.14** 13.88** 41.36** 

TGMS-11*UPRI-93-287R 9.86** -20.64** 4.96* -8.12** 81.17** 74.50** 71.10** 112.40** 

TGMS-12*Pant Basmati-1 -0.58 -28.18** -5.02* -16.85** 48.21** 42.75** 39.98** 73.76** 

TGMS-12*Pant Dhan-4 1.38 -26.76** -3.14 -15.21** 50.57** 45.03** 42.21** 76.53** 

TGMS-12*Pant Dhan-12 -10.58** -35.40** -14.57** -25.21** 29.40** 24.63** 22.21** 51.71** 

TGMS-12*UPRI-93-287R 2.83 -25.71** -1.76 -14.00** 62.34** 56.36** 53.32** 90.32** 

TGMS-13*Pant Basmati-1 28.91** -6.87** 23.16** 7.82** 49.99** 44.46** 41.65** 75.84** 

TGMS-13*Pant Dhan-4 20.72** -12.79** 15.34** 0.97 34.10** 29.17** 26.65** 57.22** 

TGMS-13*Pant Dhan-12 16.01** -16.19** 10.84** -2.97 68.22** 62.02** 58.87** 97.22** 

TGMS-13*UPRI-93-287R 8.05** -21.94** 3.23 -9.63** 53.51** 47.86** 44.99** 79.98** 

TGMS-14*Pant Basmati-1 0.61 -27.32** -3.88 -15.85** 25.87** 21.24** 18.88** 47.57** 

TGMS-14*Pant Dhan-4 20.49** -12.96** 15.12** 0.77 142.33** 133.41** 128.87** 184.11** 

TGMS-14*Pant Dhan-12 7.48** -22.35** 2.69 -10.10** 37.63** 32.57** 29.99** 61.36** 

TGMS-14*UPRI-93-287R 10.21** -20.38** 5.30* -7.82** 95.27** 88.08** 84.43** 128.94** 

TGMS-15*Pant Basmati-1 -35.22** -53.20** -38.11** -45.82** 11.75** 7.64* 5.55 31.02** 

TGMS-15*Pant Dhan-4 9.15** -21.15** 4.28 -8.71** 57.63** 51.83** 48.88** 84.81** 

TGMS-15*Pant Dhan-12 3.55 -25.19** -1.06 -13.39** 23.53** 18.98** 16.67** 44.82** 

TGMS-15*UPRI-93-287R -8.73** -34.07** -12.80** -23.67** 32.35** 27.48** 25.00** 55.17** 

TGMS-16*Pant Basmati-1 36.98** -1.04 30.87** 14.57** 88.23** 81.30** 77.77** 120.68** 

TGMS-16*Pant Dhan-4 9.48** -20.91** 4.59* -8.44** 37.63** 32.57** 29.99** 61.36** 

TGMS-16*Pant Dhan-12 0.18 -27.63** -4.29 -16.21** 45.87** 40.50** 37.77** 71.01** 

TGMS-16*UPRI-93-287R 8.73** -21.45** 3.88 -9.06** 119.98** 111.88** 107.76** 157.90** 

TGMS-17*Pant Basmati-1 9.09** -21.19** 4.22 -8.76** 81.17** 74.50** 71.10** 112.40** 

TGMS-17*Pant Dhan-4 10.62** -20.08** 5.69* -7.48** 62.35** 56.37** 53.33** 90.33** 

TGMS-17*Pant Dhan-12 15.92** -16.26** 10.75** -3.05 64.69** 58.63** 55.54** 93.08** 

TGMS-17*UPRI-93-287R 10.06** -20.49** 5.15* -7.95** 118.80** 110.74** 106.65** 156.52** 

TGMS-18*Pant Basmati-1 0.60 -27.32** -3.88 -15.86** 48.22** 42.76** 39.99** 73.77** 

TGMS-18*Pant Dhan-4 25.53** -9.31** 19.93** 4.99* 71.74** 65.41** 62.20** 101.34** 

TGMS-18*Pant Dhan-12 4.76* -24.32** 0.09 -12.38** 91.75** 84.69** 81.09** 124.80** 

TGMS-18*UPRI-93-287R 3.00 -25.59** -1.59 -13.85** 76.46** 69.97** 66.66** 106.88** 

*Significant at p = 0.05, **Significant at p = 0.01 

Table 4.12: Top ranking five economic crosses for seed yield per plant and their 

performance in relation to other parameters 

S.NO. Cross combinations Standard 

heterosis 

SCA 

effect 

per se 

performance 

Magnitude of GCA 

effect  

P1 P2 

1. TGMS-14 × Pant Dhan-4  184.11 21.28** 82.40 H H 

2. TGMS-16 × UPRI-93-287R  157.90 13.24** 74.80 H H 

3. TGMS-17 × UPRI-93-287R  156.52 9.84** 74.40 H H 

4. TGMS-9 × Pant Basmati-1  146.86 21.88** 71.60 H L 

5. TGMS-14 × UPRI-93-287R  128.94 4.04** 66.40 H H 

*Significant at p = 0.05, **Significant at p = 0.01 
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 Based on the significant and high estimates of standard heterosis five crosses for 

seed yield were identified which also showed high SCA effect and per se performance. All 

the five crosses emerged from the high × high GCA effect parents except one cross which 

had high × low GCA effect parents. These hybrids can be used as hybrids in future for 

economic exploitation of multiplication testing. Positive standard heterosis with significant 

SCA effect for different traits have also been reported by Tiwari et al., (2011) and 

Divyapriya and Kalaiyarasi(2014). High heterosis along with high sca effect for different 

traits has also been observed by Sharma et al. (2001).  

Several findings have been reported by different researchers for standard 

heterosis in different genotypes. Pandey et al. (1995), reported significant standard 

heterosis for grain yield, panicle number plant, panicle length, grains per panicle and 

1000-grain weight, Sharma and Malik (2008) observed the maximum heterosis for 

grain yield, Malarvizhi et al. (2009) reported heterosis for number of productive 

tillers, panicle length, spikelets fertility and harvest index, Chandiraka et al. (2010) 

also observed significant and positive heterosis for yield contributing traits viz., 

number of productive tillers per plant, panicle length, and number of filled grains per 

panicle, spikelets fertility and 1000 grain weight, Rahimi et al. (2010) reported 

significant and positive heterosis over check for grain yield per plant and 1000 grain 

weight, Tiwari et al., (2011) found that most of the crosses which exhibited superiority 

over better parent or standard variety for grain yield also showed significant heterosis 

for number of fertile spikelets and number of spikelets per panicle, Ghara et al., 

(2014) reported high heterosis for grain yield per plant, Lopez and Virmani (2000) 

studied heterosis using TGMS lines and reported higher grain yield in some heterotic 

hybrids and Saxena (2000) finding also for grain yield heterosis. 

4.3 Component of genetic variance 

 Estimates of genetic components of variance are presented in (Table 4.3). 

Estimates of variance of general combining ability (σ
2

gca
) was higher than those of 

variance of specific combining ability (σ
2

sca
) for plant height, panicle length and 

spikelets number per panicle, it means these traits governed by additive gene action. 

Other traits viz. days to 50% flowering, number of grain number of panicle, panicles 

number per plant, spikelets fertility, 1000 grain weight, grain yield per plant and 
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harvest index showing preponderance of non-additive gene action, non additive gene 

action for these traits have been reported by Bagheri and Jelodar (2010), Saidaiah et 

al. (2010), Divyapriya and Kalaiyarasi (2014) and Ghara et al., (2014). It was 

supported by ratio of variance of general to specific combining ability (σ
2

gca
/σ

2

sca
) 

which was more than unity plant height, panicle length and spikelet number per 

panicle. These traits governed by additive gene action. The ratio of dominance to 

additive variance (σ
2

D/σ
2

A) indicated the degree of dominance whether the traits showed 

dominance, incomplete dominance and over dominance. The ratio less than unity for 

plant height, panicle length, spikeletes number per panicle, grain number per panicle 

and 1000 grain weight indicated that these traits showed incomplete dominance 

whereas the ratio (σ
2

D/σ
2

A)
 1/2 

being greater than unity for plant height, panicle length, 

spikelet number per panicle, grain number per panicle and 1000 grain weight it means 

these traits showed over-dominance.  

Therefore it appeared that the inheritance of days to 50% flowering Panwar 

(2005), Sharma et al. (2005) and Sharma (2006) reported non-additive], is additive 

while emphasized the importance of additive and non-additive gene effects for days to 

flowering., panicle number per plant (Ramalingam et al. 2000; Punitha et al. 2004; 

Sharma, 2006), Percent Spikeletes Fertility (Hosseni et al. 2005; Gnanasekaran et al. 

2006), harvest Index (Mehla et al. 2000; Hosseni et al. 2005; Gnanasekaran et al. 

2006)  and Grain Yield per Plant (Ramalingam et al. 2000; Veni and Rani, 2003; 

Sharma et al. 2005; Sharma, 2006) were controlled by non-additive gene effects also 

observed by Thakare et al., (2013), Dorosti and Monajjem (2014) and plant height 

(Singh et al. 1998; Vanaja et al. 2003; Gnanasekaran et al. 2006), panicle length 

(Ramalingam et al. 2000; Radhidevi et al. 2002; Gnanasekaran et al. 2006), 

spikeletes number per panicle, grain number per panicle (Thirumeni et al. 2000; 

Sharma, 2006) and 1000 grain weight (Vanaja et al. 2003; Gnanasekaran et al. 

2006; Sharma, 2006) were controlled by additive gene action. Such type of gene 

action clearly indicated that pure line and heterosis breeding would be ideal for their 

improvement. 1000 grain weight controlled by additive gene action also reported by 

Vivekanandan and Giridharan (1997), Roy and Mandal (2001) observed for panicle 

length and 1000 grain weight. 
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Table 4.13: Estimates of genetic components of rice genotypes 

 

Parents 

Days to 

50% 

flowering 

Plant 

height 

Panicle 

number 

per plant 

Panicle 

length 

Spikelets 

number 

per 

panicle 

Grain 

number 

per panicle 

Percent 

spikeletes 

fertility 

1000 

grain 

weight 

harvest 

index 

Grain 

yield per 

plant 

sl² Line HS 24.50 6.11 1.93 0.75 438.51 190.86 8.72 0.57 16.50 57.82 

sl² Tester HS 3.00 22.91 0.23 1.40 541.41 268.28 5.41 1.71 1.01 8.04 

σ
2

gca
 6.91 19.85 0.54 1.28 522.70 254.21 6.01 1.50 3.83 17.09 

σ
2

sca
 29.48 16.61 3.86 0.79 484.24 388.73 23.32 2.70 28.68 64.90 

sl² e 1.36 2.80 0.03 0.18 9.45 7.36 1.64 0.15 0.65 0.62 

sl² a(F = 1) 13.82 39.71 1.09 2.56 1045.40 508.41 12.02 3.00 7.65 34.18 

sl² D(F = 1) 29.48 16.61 3.86 0.79 484.24 388.73 23.32 2.70 28.68 64.90 

sl² a / Var.D 0.47 2.39 0.28 3.25 2.16 1.31 0.52 1.11 0.27 0.53 

Degree of Dominance (σ
2

D
/σ

2

A
)

1/2

 
1.46 0.65 1.89 0.55 0.68 0.87 1.39 0.95 1.94 1.38 

σ
2

gca/σ
2

sca 0.23 1.19 0.14 1.62 1.08 0.65 0.26 0.55 0.13 0.26 

sl² p 44.65 59.12 4.97 3.53 1539.08 904.50 36.99 5.85 36.98 99.70 

Heritability (Broad Sense) % 92 81 98 82 98 97 86 90 95 98 

Genetic Advance  4.26 10.64 1.00 2.81 54.89 34.82 4.07 2.56 2.59 7.05 

Genetic advance in mean percentage 4.25 9.59 8.26 9.85 27.23 19.93 4.67 10.26 4.99 14.38 
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4.3.1 Heritability and genetic advance  

There was little difference between phenotypic and genotypic variances of all 

parameters showing negligible effect of environment on the inheritance of these traits. 

Estimates of broad sense heritability were high and found significant as their absolute 

values exceeded twice their respective standard errors. The high heritability in broad sense 

for all the traits in the present study is also reported by Rita et al. (2009) and Ukaoma et 

al. (2013) along with genetic advance (low, moderate and high) (Table-4.13) in term of 

percentage of mean. 

High heritability associated with low genetic advance for days to 50% flowering 

(h
2 

=92, GA=4.25) was observed Mishra et al. (2003) and Agrawal (2003) recorded high 

estimates of broad sense heritability along with low genetic advance for days to flowering. 

For plant height (h
2 

=81, GA=9.59) high heritability observed to this study was also 

observed for Ghara et al., (2014), for panicle length (h
2 

=98, GA=8.26) the results 

obtained are in same with results of Rao et al. (1997), Ali et al. (2000) and Shanthi and 

Singh (2002) show was high values of broad sense heritability. High broad sense 

heritability and low genetic advance were observed by Swati and Ramesh (2004) whereas 

high heritability and moderate genetic advance were recorded by Elayaraja et al. (2005) in 

rice. For panicle number per plant (h
2 

=82, GA=9.85), per cent spikelet fertility (h
2 

=86, 

GA=4.67) and harvest index (h
2 

=95, GA=4.99) also showed high heritability coupled with 

low genetic advance. High heritability with less genetic advance for days to flowering and 

plant height also observed by Paikhomba et al. (2014).  

High heritability associated with moderate genetic advance for grain number per 

panicle (h
2 

=97, GA=19.93) also observed by Paikhomba et al. (2014), this estimates of 

heritability in broad sense grain yield per plant (h
2 

=98, GA=14.38) observed have are 

similar to results of Pfukrei  et al. (2011), Toshimenla and Changkija, (2013) and Koli 

et al. (2013). For 1000 grain weight (h
2 

=90, GA=10.26). 

High genetic advance associated with high heritability was observed only for 

one trait viz. spikeletes number per panicle (h
2 

=98, GA=27.23), also reported by Rita 

et al. (2009) and Singh et al, (2011) who observed that maximum genetic advance as 

per cent of mean was recorded for number of spikelets per panicle with high value of 

heritability. 
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4.4 Characterization of TGMS (Thermosensitive Genetic Male Sterile Line) 

4.4.1 Morphological characterization of TGMS lines 

            4.4.2 Molecular characterization of TGMS lines 

4.4.1 Morphological characterization of TGMS lines 

 The eighteen TGMS line were evaluated for 16 different traits and based on these 

traits the line were identified as best line for hybrid seed production. The observations 

recorded on the floral and morphological characters of TGMS lines are listed in Table-4.14 

and Table-4.15. 

4.4.1.1 Days to 50% Flowering 

 For days to flowering 12 lines significant and had mean value high. The days of 

flowering varied from 96 days (UPRI-97-60-8) to 119 days (UPRI-99-73-2). The early 

flowering lines were UPRI-97-60-8 (96), UPRI-99-74-3 (108), UPRI-99-70-1 (110), 

UPRI-97-60-1 (110), UPRI-99-74-4 (110) and UPRI-99-75-1 (110). 

4.4.1.2 Plant height  

 Plant height range was between the 72.30 cm. (UPRI-99-71-1) to 88.64 cm. (UPRI-

99-74-1). The 11 lines showed significantly and high mean values. Lines with dwarf plant 

height were UPRI-99-71-1 (72.30), UPRI-99-73-4 (76.31), UPRI-99-73-3 (76.54) and 

UPRI-99-72-1 (78.90). 

4.4.1.3 Number of effective tillers 

 Number of effective tillers varied from line to line with minimum tillers number 

between 7.5 in UPRI-99-74-3 and maximum in UPRI-99-74-4 (15.1). The ten lines showed 

the significantly with high mean values. Highest tillers number lines were UPRI-99-74-4 

(15.1), UPRI-99-78-1 (14.5), UPRI-99-72-4 (14.2) and UPRI-99-73-2 (14.2).  

4.4.1.4 Stem color 

 Two types of stem color observed were green and purple, most of the lines showed 

purple stem color above the ground stem and seven lines showing the green stem were 

UPRI-99-70-1, UPRI-99-71-1, UPRI-99-71-2, UPRI-99-73-1, UPRI-99-73-2, UPRI-99-

73-3 and UPRI-99-78-1. The purple stem color can be used as a morphological marker for 

identification of these lines. 
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4.4.1.5 Panicle type 

 Intermediate and open type panicles were observed in these 18 lines. All the lines 

produced intermediate panicle type except for six lines viz. UPRI-99-71-2, UPRI-99-79-1, 

UPRI-97-60-1, UPRI-99-75-1, UPRI-99-78-1 and UPRI-97-60-8 which had open panicle type. 

4.4.1.6 Panicle length 

 The panicle length was observed more in ten lines which showed significant mean 

value which range of between 25.28 (UPRI-99-72-3) to 21.08 (UPRI-99-70-1). The best 

five lines which had maximum length of panicle were UPRI-99-72-3 (25.28), UPRI-99-72-

1 (24.10), UPRI-99-74-1 (24.04), UPRI-99-71-1 (24.00) and UPRI-99-74-3 (23.80).  

4.4.1.7 Number of spikelet 

 The number of spikeletes varied from minimum in UPRI-99-73-3 (127.6) to 

maximum in UPRI-99-78-1 (303.5). Eight lines showed the significantly higher mean 

value. The five lines observed with maximum spikeletes number were UPRI-99-78-1 

(303.5), UPRI-99-79-1 (296.3), UPRI-99-73-1 (239.0), UPRI-99-70-1 (236.0) and UPRI-

99-73-2 (232.0).    

4.4.1.8 Awning 

 Based on the presence and absence TGMS lines divides in to two categories, all the 

lines have absence of awns but five lines with awns viz. UPRI-99-70-1, UPRI-99-74-3, 

UPRI-99-74-1, UPRI-99-74-4 and UPRI-99-75-1.   

4.4.1.9 Apiculous pigmentation 

 The color of Apiculous varied from purple to absent, most of the lines having 

purple apiculous color and seven lines have not any color viz. UPRI-99-70-1, UPRI-99-71-

1, UPRI-99-71-2, UPRI-99-73-1, UPRI-99-73-2, UPRI-99-73-3 and UPRI-99-78-1. The 

lines which have purple stem color also have purple Apiculous.  The purple Apiculous and 

color can be used as a morphological marker for identification of these lines.  

4.4.1.10 Stigma color 

 The color of stigma varied from purple to white, only three lines have the white 

color stigmas viz. UPRI-99-71-1, UPRI-99-73-1 and UPRI-99-73-2. Other lines have 

purple color stigma.  
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  Table 4.14-: Floral and morphological traits recorded in TGMS lines  

Line number TGMS name  Days to 50 % 

flowering 

Plant 

height 

Number of 

effective 

tillers 

Stem 

color 

Panicle type Panicle 

length 

Number 

of 

spikeletes 

Awning 

TGMS-1 UPRI-99-70-1 110 86.24* 11.5 Green Intermediate 21.08 236.0* Present 

TGMS-2 UPRI-99-71-1 112* 72.30 13.2* Green Intermediate 24.00* 213.0* Absent 

TGMS-3 UPRI-99-71-2 117* 86.63* 9.7 Green Open 23.78* 152.0 Absent 

TGMS-4 UPRI-99-73-1 117* 82.66 10.2 Green Intermediate 23.32* 239.0* Absent 

TGMS-5 UPRI-99-73-2 119* 84.58* 14.2* Green Intermediate 22.40 232.0* Absent 

TGMS-6 UPRI-99-73-3 114* 76.54 12.3* Green Intermediate 21.84 127.6 Absent 

TGMS-7 UPRI-99-73-4 112* 76.31 8.9 Purple Intermediate 21.48 183.0 Absent 

TGMS-8 UPRI-99-74-3 108 80.35 7.5 Purple Intermediate 23.80* 165.3 Present 

TGMS-9 UPRI-99-79-1 112* 88.45* 11.8 Purple Open 23.58* 296.3* Absent 

TGMS-10 UPRI-97-60-1 110 88.56* 12.4* Purple Open 23.46* 204.3* Absent 

TGMS-11 UPRI-99-72-1 114* 78.90 12.1* Purple Intermediate 24.10* 173.0 Absent 

TGMS-12 UPRI-99-72-3 114* 80.36 13.0* Purple Intermediate 25.28* 156.6 Absent 

TGMS-13 UPRI-99-72-4 112* 88.42* 14.2* Purple Intermediate 22.64 148.8 Absent 

TGMS-14 UPRI-99-74-1 113* 88.64* 12.0 Purple Intermediate 24.04* 145.3 Present 

TGMS-15 UPRI-99-74-4 110 88.35* 15.1* Purple Intermediate 22.58 161.3 Present 

TGMS-16 UPRI-99-75-1 110 84.41* 11.5 Purple Open 21.92 175.3 Present 

TGMS-17 UPRI-99-78-1 114* 88.50* 14.5* Green Open 23.48* 303.5* Absent 

TGMS-18 UPRI-97-60-8 096 88.34* 12.6* Purple Open 22.08 260.0* Absent 

Mean value 111.88 83.80 12.04   23.05 198.46  

*, significant at mean value 
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4.4.1.11 Glume angle 

 The glume angle varied from 18° (UPRI-99-74-4) to 33° (UPRI-99-73-1). Nine 

lines showing significantly high mean value. The lines which showing highest glume angle 

viz.UPRI-99-73-1 (33.0), UPRI-99-74-3 (28.4), UPRI-99-72-1 (28.2), UPRI-99-74-1 

(27.2) and UPRI-99-73-4 (27.0). Thiagarajan et al. (2010) reported the glume angle range 

from 15° to 25°, Singh and Rang (1999) reported the range 35° to 48° and Ravneet S. 

Behta et al. (2007) reported the range of 23.43° to 30.20°. 

4.4.1.12 Panicle exsertion percentage 

 Panicle exertion per-cent varied from 69.73 % (UPRI-99-71-1) to 84.10 % (UPRI-

99-71-2). The ten lines showing the significantly high mean value for panicle exsertion 

percentage out of ten five lines with higher percentage of panicle exsertion viz. UPRI-99-

71-2 (84.10), UPRI-99-73-1 (82.82), UPRI-99-73-2 (82.43), UPRI-99-74-3 (81.97) and 

UPRI-97-60-8 (81.86).   

4.4.1.13 Stigma exsertion percentage 

 The nine lines were showing significantly high mean value. The exerted stigma 

range varied from 26.67 (UPRI-99-79-1) to 80.05 (UPRI-99-72-1). The lines were with 

highest percentage of exserted stigma viz. UPRI-99-72-1 (80.05), UPRI-99-78-1 (79.50), 

UPRI-99-73-1 (77.19), UPRI-99-74-3 (74.34) and UPRI-99-71-1 (73.96). 

4.4.1.14 Anthesis time 

 Anthesis time varied from 8:05 (UPRI-99-74-3) to 10:15 (UPRI-97-60-8). The 

anthesis time starts from 8:00 and end to 12:30 for all the lines. 

4.4.1.15 Anthesis duration in minutes 

 Anthesis time duration in minutes varied from 125 (UPRI-99-79-1) to 205 (UPRI-

99-74-3). Anthesis time duration long is good for pollination and hybridization for 

production of hybrid. The best five lines are which have long duration for anthesis viz. 

UPRI-99-74-3 (205), UPRI-99-71-2 (185), UPRI-99-72-1 (180), UPRI-99-73-3 (170) and 

UPRI-99-75-1 (170). 
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Table 4.15: Floral and morphological traits recorded in TGMS lines 

Line 

number 

TGMS name  Apiculous 

pigmentation 

Stigma 

color 

Glume angle Panicle 

exsertion 

(%) 

Stigma 

exsertion 

(%) 

Anthesis 

time 

Anthesis 

duration 

(Min.) 

Pollen 

sterility 

TGMS-1 UPRI-99-70-1 Absent Purple 22.5 81.35* 49.30 10:00 130 84.95 

TGMS-2 UPRI-99-71-1 Absent White 24.6 69.73 73.96* 8:50 165 79.07 

TGMS-3 UPRI-99-71-2 Absent Purple 26.0* 84.10* 55.10 9:00 185 87.67* 

TGMS-4 UPRI-99-73-1 Absent White 33.0* 82.82* 77.19* 9:30 135 98.84* 

TGMS-5 UPRI-99-73-2 Absent White 24.2 82.43* 64.31* 8:45 165 97.64* 

TGMS-6 UPRI-99-73-3 Absent Purple 26.2* 81.09* 40.59 8:55 170 90.18* 

TGMS-7 UPRI-99-73-4 Purple Purple 27.0* 78.58* 37.12 9:30 150 89.81* 

TGMS-8 UPRI-99-74-3 Purple Purple 28.4* 81.97* 74.34* 8:05 205 79.58 

TGMS-9 UPRI-99-79-1 Purple Purple 23.8 78.84* 26.67 9:50 125 96.75* 

TGMS-10 UPRI-97-60-1 Purple Purple 25.0* 74.14 38.09 9:40 160 92.38* 

TGMS-11 UPRI-99-72-1 Purple Purple 28.2* 69.76 80.05* 8:50 180 87.09* 

TGMS-12 UPRI-99-72-3 Purple Purple 25.2* 73.04 47.97 9:10 140 96.64* 

TGMS-13 UPRI-99-72-4 Purple Purple 24.2 72.92 72.51* 9:00 145 88.43* 

TGMS-14 UPRI-99-74-1 Purple Purple 27.2* 70.52 64.69* 9:05 165 88.22* 

TGMS-15 UPRI-99-74-4 Purple  Purple 18.0 74.44 49.20 9:15 150 87.79* 

TGMS-16 UPRI-99-75-1 Purple Purple 21.0 81.28* 69.39* 8:45 170 83.19 

TGMS-17 UPRI-99-78-1 Absent Purple 20.6 77.06 79.50* 10:10 130 57.62 

TGMS-18 UPRI-97-60-8 Purple Purple 18.4 81.86* 26.80 10:15 135 44.32 

Mean value   24.63 77.55 57.04   85.00 
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4.4.1.16 Pollen sterility 

 Pollen sterility (Fig.4.1) study showed that the mean of sterility was 85%. The 

range of pollen sterility percentage was 44.32 % (UPRI-97-60-8) to 98.84 % (UPRI-99-73-

1). Therefore lines showed high value over mean. The lines are which showed maximum 

sterility in the field viz. UPRI-99-73-1 (98.84), UPRI-99-73-2 (97.64), UPRI-99-79-1 

(96.75), UPRI-99-72-3 (96.64) and UPRI-97-60-1 (92.38).    

 For characterization of different TGMS lines based on floral and 

morphological traits, different researchers found same findings for different traits 

with high mean value viz. Salgotra et al. (2012) and Thiyagarajan et al. (2010), 

studied the effective tiller number per plant, panicle exsertion, number of spikeletes, 

glume angle, pollen sterility Ramakrishna et al. (2006) and Singh et al. (2011), 

plant height, panicle type, panicle exsertion, stigma exsertion, Apiculous 

pigmentation, stigma color, time of anthesis, pollen sterility, duration of anthesis and 

glume angle used for characterization of different lines. Floral biology and 

morphological characterization of TGMS lines Celine et al. (2014) studied the stigma 

color, pollen sterility, apiculous color and panicle type. Kavithamani et al. (2012) 

studied the traits viz. stigma exsertion, days to flowering, pollen sterility and stigma 

color. 

 Characterization of morphological traits is essential for distinguishing 

cultivars; grow out test, seed certification and for gene bank deposition. Therefore, 

characterization based on phenology for eighteen TGMS lines was carried out. A 

thorough understanding of the floral biology is essential in TGMS system as it 

switches over to fertility/sterility conditions based on temperature influence 

(Ramakrishna et al. 2006). Saran et al. (1971) reported that duration of floret 

opening was positively correlated with percentage of sterility. High frequency of 

exserted stigma facilitates stigma reception of naturally out crossed pollen grains and 

higher seed set. Oka (1998) stated that out crossing in rice depended on the capacity 

of stigma to receive alien pollen and the capacity of anthers to emit pollen to 

pollinate other plants in the proximity. Not a single line was found to be good for all 

the traits however different lines were good for different traits. The lines which 

showed high panicle exsertion, high stigma exsertion, more anthesis duration and high 

pollen sterility could be used successfully in two line hybrid seed production. 
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The eighteen TGMS line were evaluated for critical sterility and fertility 

temperature in three seasons. Five randomly selected panicles from each TGMS line were 

covered by butter paper bag at heading stage to insure selfing; this was intended for the 

measurement of the spikelet fertility due to selfing. The bagged panicles were harvested at 

maturity. The average of the spikelet fertility from the five bagged panicle from each 

TGMS line was computed. Correlation between spikeletes fertility and maximum and 

minimum daily temperature up to thirty days before heading were computed to determine 

the critical stage where temperature influences the sterility/fertility expression of the 

TGMS lines. 

Temperature data were obtained from the agrometrology department of G.B. Pant 

University of Agriculture & Technology, Pantnagar. A maximum and minimum daily 

temperature up to thirty days before heading was obtained. This period corresponds to the 

panicle development of rice plant from the differentiation of the first bract primordium to 

the time the spikelets completely formed (Virmani and Sharma 1993).  

 

Table 4.15 Details of average temperature between panicle initiations to flowering 

(Kharif, 2013) 

Lines Name Date of 

50% 

flowering 

Average temperature between 

panicle initiation to flowering 

seed setting 

Max. Min. Average 

TGMS-1 UPRI-99-70-1 05/09/2013 32.39 25.21 29.51 35.0 

TGMS-2 UPRI-99-71-1 04/09/2013 32.43 25.33 28.88 0.0 

TGMS-3 UPRI-99-71-2 02/09/2013 32.45 25.39 28.92 0.0 

TGMS-4 UPRI-99-73-1 11/09/2013 32.29 24.85 28.57 0.0 

TGMS-5 UPRI-99-73-2 11/09/2013 32.29 24.85 28.57 0.0 

TGMS-6 UPRI-99-73-3 13/09/2013 32.31 24.75 28.53 4.0 

TGMS-7 UPRI-99-73-4 11/09/2013 32.29 24.85 28.57 0.0 

TGMS-8 UPRI-99-74-3 07/09/2013 32.32 25.11 28.71 0.0 

TGMS-9 UPRI-99-79-1 09/09/2013 32.28 25.02 28.65 14.0 

TGMS-10 UPRI-97-60-1 09/09/2013 32.28 25.02 28.65 0.0 

TGMS-11 UPRI-99-72-1 08/09/2013 32.31 25.07 28.69 0.0 

TGMS-12 UPRI-99-72-3 10/09/2013 32.25 24.93 28.59 2.0 

TGMS-13 UPRI-99-72-4 09/09/2013 32.28 25.02 28.65 5.0 

TGMS-14 UPRI-99-74-1 11/09/2013 32.29 24.85 28.57 0.0 

TGMS-15 UPRI-99-74-3 07/09/2013 32.31 25.11 28.71 0.0 

TGMS-16 UPRI-99-75-1 09/09/2013 32.28 25.02 28.65 2.0 

TGMS-17 UPRI-99-78-1 13/09/2013 32.31 24.75 28.53 1.0 

TGMS-18 UPRI-97-60-8 09/09/2013 32.28 25.02 28.65 9.0 
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Table 4.16 Details of average temperature between panicle initiations to flowering 

(Offseason, 2014) 

Lines Name  Date of 

50% 

flowering 

Average temperature 

between panicle initiation to 

flowering 

seed 

setting 

Max. Min. Average  

TGMS-1 UPRI-99-70-1 18/06/2014 38.74 24.83 31.78 0.0 

TGMS-2 UPRI-99-71-1 20/06/2014 38.45 25.12 31.78 0.0 

TGMS-3 UPRI-99-71-2 23/06/2014 38.17 25.51 31.84 0.0 

TGMS-4 UPRI-99-73-1 06/07/2014 36.95 26.13 31.54 0.0 

TGMS-5 UPRI-99-73-2 20/07/2014 33.21 25.98 29.59 0.0 

TGMS-6 UPRI-99-73-3 30/06/2014 37.84 26.05 31.94 0.0 

TGMS-7 UPRI-99-73-4 02/07/2014 37.37 26.12 31.74 0.0 

TGMS-8 UPRI-99-74-3 23/06/2014 38.17 25.51 31.84 0.0 

TGMS-9 UPRI-99-79-1 02/07/2014 37.37 26.12 31.74 0.0 

TGMS-10 UPRI-97-60-1 21/06/2014 38.36 25.30 31.83 0.0 

TGMS-11 UPRI-99-72-1 23/06/2014 38.17 25.51 31.84 0.0 

TGMS-12 UPRI-99-72-3 28/06/2014 37.80 25.94 31.87 0.0 

TGMS-13 UPRI-99-72-4 02/07/2014 37.37 26.12 31.74 0.0 

TGMS-14 UPRI-99-74-1 23/06/2014 38.17 25.51 31.84 0.0 

TGMS-15 UPRI-99-74-3 23/06/2014 38.17 25.51 31.84 0.0 

TGMS-16 UPRI-99-75-1 19/06/2014 38.64 25.01 31.82 0.0 

TGMS-17 UPRI-99-78-1 14/06/2014 38.69 24.03 31.36 0.0 

TGMS-18 UPRI-97-60-8 19/06/2014 38.64 25.01 31.82 0.0 

 

Table 4.17 Details of average temperature between panicle initiations to flowering 

(Kharif, 2014) 

Lines Name  Date of 

50% 

flowering 

Average temperature between 

panicle initiation to flowering  

seed 

setting 

main 

lines Max. Min. Average 

TGMS-1 UPRI-99-70-1 08/09/2014 33.33 25.69 29.51 10.0 

TGMS-2 UPRI-99-71-1 10/09/2014 33.43 25.63 29.53 0.0 

TGMS-3 UPRI-99-71-2 15/09/2014 33.12 25.20 29.16 0.0 

TGMS-4 UPRI-99-73-1 15/09/2014 33.12 25.20 29.16 0.0 

TGMS-5 UPRI-99-73-2 17/09/2014 33.27 25.13 29.20 0.0 

TGMS-6 UPRI-99-73-3 12/09/2014 33.28 25.50 29.39 3.0 

TGMS-7 UPRI-99-73-4 10/09/2014 33.43 25.63 29.53 0.0 

TGMS-8 UPRI-99-74-3 06/09/2014 33.40 25.82 29.61 0.0 

TGMS-9 UPRI-99-79-1 10/09/2014 33.43 25.63 29.53 11.0 

TGMS-10 UPRI-97-60-1 08/09/2014 33.33 25.69 29.51 0.0 

TGMS-11 UPRI-99-72-1 12/09/2014 33.28 25.50 29.39 0.0 

TGMS-12 UPRI-99-72-3 12/09/2014 33.28 25.50 29.39 0.0 

TGMS-13 UPRI-99-72-4 10/09/2014 33.43 25.63 29.53 0.0 

TGMS-14 UPRI-99-74-1 11/09/2014 33.34 25.55 29.44 0.0 

TGMS-15 UPRI-99-74-3 08/09/2014 33.33 25.69 29.51 0.0 

TGMS-16 UPRI-99-75-1 08/09/2014 33.33 25.69 29.51 0.0 

TGMS-17 UPRI-99-78-1 12/09/2014 33.28 25.50 29.39 0.0 

TGMS-18 UPRI-97-60-8 04/09/2014 33.31 25.83 29.57 3.0 
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Table 4.18 Critical sterility temperature for different TGMS lines 
 

S. No. TGMS Lines Critical temperature 

for sterility (°C) 

seed setting 

2013 2014 

Main season Main season off-season 

1.  TGMS-1 >29.51 35.0 10.0 0.0 

2.  TGMS-2 28.88 0.0 0.0 0.0 

3.  TGMS-3 28.92 0.0 0.0 0.0 

4.  TGMS-4 28.57 0.0 0.0 0.0 

5.  TGMS-5 28.57 0.0 0.0 0.0 

6.  TGMS-6 >28.53 4.0 3.0 0.0 

7.  TGMS-7 28.57 0.0 0.0 0.0 

8.  TGMS-8 28.71 0.0 0.0 0.0 

9.  TGMS-9 >28.65 14.0 11.0 0.0 

10.  TGMS-10 28.65 0.0 0.0 0.0 

11.  TGMS-11 28.69 0.0 0.0 0.0 

12.  TGMS-12 28.59 2.0 0.0 0.0 

13.  TGMS-13 29.53 5.0 0.0 0.0 

14.  TGMS-14 28.57 0.0 0.0 0.0 

15.  TGMS-15 28.71 0.0 0.0 0.0 

16.  TGMS-16 29.51 2.0 0.0 0.0 

17.  TGMS-17 29.39 1.0 0.0 0.0 

18.  TGMS-18 >28.65 9.0 3.0 0.0 
 

The minimum critical temperature for sterility was observed in TGMS-17 (28.53°C) 

and maximum for TGMS-1 (29.51°C) (Table-4.18). Among eighteen TGMS lines fourteen 

lines were found completely sterile in kharif 2013 and 2014 and in offseason of 2014. In 2014 

offseason all the lines showed complete sterility because average temperature was high 29.59-

31.94°C. The details of TGMS lines in this reference are given below: 

1) TGMS-1 (UPRI-99-70-1) the line showed spikelet fertility during main kharif 

2013 and 2014 season. Average seed setting was found be 35 and 10 respectively 

meaning that for this the line requirement of critical temperature is more than 29.51 

in kharif. During offseason temperature was high (31.78°C) thus no seed setting 

was found.    

2) TGMS-2 (UPRI-99-71-1) the line was found completely sterile during all the three 

seasons. So critical sterility temperature determined as 28.88°C.  

3) TGMS-3 (UPRI-99-71-2) in this line no seed setting was in three seasons. The 

critical sterility temperature was 28.92°C.   

4) TGMS-4 (UPRI-99-73-1) the line was found completely sterile during all the three 

seasons at 28.57°C temperature. So this was the critical sterility temperature for this line.  
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5) TGMS-5 (UPRI-99-73-2) the line was found completely sterile during all the three 

seasons. So critical sterility temperature determined as 28.57°C. 

6) TGMS-6 (UPRI-99-73-3) the line showed spikelet fertility during main kharif 

2013 and 2014 season. Average seed setting was found 4 and 3 respectively 

meaning that for this line requirement of critical temperature is more than 28.53°C 

in kharif. During offseason temperature was high (31.94°C) thus no seed setting 

was found.    

7) TGMS-7 (UPRI-99-73-4) the line was found completely sterile during all the three seasons 

at 28.57°C temperature. So this was the critical sterility temperature for this line.  

8) TGMS-8 (UPRI-99-74-3) the line was found completely sterile during all the 

three seasons at 28.71°C temperature. So this was the critical sterility temperature 

for this line. 

9) TGMS-9 (UPRI-99-79-1) the line showed spikelet fertility during main kharif 

2013 and 2014; average seed setting was found 14 and 11 respectively it means 

for this line requirement of critical temperature more than 28.65°C in kharif. 

During offseason temperature was high (31.74°C) thus no seed setting was found.    

10) TGMS-10 (UPRI-97-60-1) the line was found completely sterile during all the 

three seasons at 28.65°C temperature. So this was the critical sterility temperature 

for this line. 

11) TGMS-11 (UPRI-99-72-1) the line was found completely sterile during all the 

three seasons at 28.69°C temperature. So this was the critical sterility temperature 

for this line. 

12) TGMS-12 (UPRI-99-72-3) in 2013 kharif in this line found two fertile spikelet 

and other two seasons, kharif and offseason in 2014 found complete sterility. The 

average temperature in kharif, 2013 was 28.59°C and kharif 2014 average 

temperature was 29.39°C it means this was critical sterility temperature for this 

line. 

13) TGMS-13 (UPRI-99-72-4) in 2013 kharif in this line found five fertile spikelet 

and other two seasons, kharif and offseason in 2014 found complete sterility. The 

average temperature in kharif, 2013 was 28.65°C and kharif 2014 average 
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temperature was 29.53°C it means this was critical sterility temperature for this 

line. 

14) TGMS-14 (UPRI-99-74-1) the line was found completely sterile during all the 

three seasons at 28.57°C temperature. So this was the critical sterility temperature 

for this line. 

15) TGMS-15 (UPRI-99-74-3) the line was found completely sterile during all the 

three seasons at 28.71°C temperature. So this was the critical sterility temperature for this 

line. 

16) TGMS-16 (UPRI-99-75-1) in 2013 kharif in this line found two fertile spikelet and 

other two seasons, kharif and offseason in 2014 found complete sterility. The average 

temperature in kharif, 2013 was 28.65°C meaning that this was not critical sterility 

temperature. In kharif, 2014 average temperature was 29.51°C and found complete 

sterility, so this was the critical sterility temperature for this line. 

17) TGMS-17 (UPRI-99-78-1) in 2013 kharif in this line found one fertile spikelet and 

other two seasons, kharif and offseason in 2014 found complete sterility. The average 

temperature in kharif, 2013 was 28.53°C meaning that this was not critical sterility 

temperature. In kharif, 2014 average temperature was 29.39°C and found complete 

sterility, so this was the critical sterility temperature for this line. 

18) TGMS-18 (UPRI-97-60-8) the line showed spikelet fertility during main kharif 2013 

and 2014. Average seed setting were found 9 and 3 respectively meaning that for this 

line requirement of critical temperature is more than 28.65°C in kharif. During 

offseason temperature was high (31.82°C) thus no seed setting was found.    

The critical fertility temperature for all the lines was less than 28°C and below this 

temperature all the lines showed fertility. 

The different researchers have reported the average and critical temperature for 

different TGMS lines Lohithaswa H.C. et al., (2000)
  
found 35/23°C and Viraktamath 

& Virmani (2001) found 32/24°C temperature for sterility.  Sanchez and Virmani 

(2005) did correlation analyses between spikelet fertility and maximum and daily mean 

temperatures up to days before heading to determine the critical stage where temperature 

influences the sterility/fertility expression of the TGMS lines and found that 32°C 
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temperature for sterility. Ramkrishna S. et al., (2006) and Latha and Thiyagarajan 

(2010) found >30°C temperature for sterility. Salgotra et al. (2012) and Celine et al., 

(2014) found 35.4°C critical temperature for sterility.. 

Therefore among the eighteen TGMS lines ten lines viz, TGMS-2, TGMS-3, TGMS-

4, TGMS-5, TGMS-7, TGMS-8, TGMS-10, TGMS-11, TGMS-14 and TGMS-15 showed 

complete sterility at critical temperature 28.53 to 28.92°C. These can be used in two line 

hybrid development. 

Out of eighteen lines four lines viz. TGMS-1, TGMS-6, TGMS-9 and TGMS-18 

showed fertile spikelets in both main season during 2013 and 2014 but showed 

complete sterile spikelet in 2014 offseason. It means these lines required high 

temperature compare to main season because in offseason the average temperatures for 

these lines were 31.74 to 31.94°C, so these lines required >29°C critical temperature 

for complete sterility. 

Another four lines viz. TGMS-12, TGMS-13, TGMS-16 and TGMS-17 found that 

seed setting in kharif, 2013 and complete sterility in kharif and offseason 2014. It means 

the critical sterility temperature for these lines slightly higher 29.39-29.53°C than the 2013 

kharif season. 

Therefore, in Pantnagar situation to get complete sterility these lines should be sown 

in the last week of May and transplanting be done after 25 to 30 days of seedlings for two 

line hybrid programme would be appropriate. 

4.4.2 Molecular characterization of TGMS lines  

The 18 TGMS lines of rice namely; UPRI-99-70-1, UPRI99-71-1, UPRI-99-71-2, 

UPRI-99-73-1, UPRI-99-73-2, UPRI-99-73-3, UPRI-99-73-4, UPRI-99-74-3, UPRI-99-

79-1, UPRI-97-60-1, UPRI-99-72-1, UPRI-99-72-3, UPRI-99-72-4, UPRI-99-74-1, UPRI-

99-74-3, UPRI-99-75-1, UPRI-99-78-1 and UPRI-97-60-8 were taken for diversity 

analysis using 26 simple sequence repeats (SSRs) primers. The overall results of SSRs 

analysis have been presented in Table-4.19. All sixteen primers gave clear and consistent 

amplification and amplified products were ultimately used for DNA profiling. The primer 

wise analysis of SSRs markers has been described on ensuing pages along with PCR 

amplification profiles (Fig.4.2 to 4.17).  
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Table 4.19: Range of SSR loci scored, number and size of exclusive loci amplified in the Rice genotypes 

Sl. 

No. 

Primer 

code 

No. of 

alleles 

amplified 

No. of 

polymorphic  

alleles 

Percentage 

poly-

morphism 

Range of 

amplified 

alleles (bp) 

Exclusive  alleles Size of unique  

alleles  (bp) 

Major allele 

Frequency 

Gene 

Diversity 

PIC 

Value Number Name of genotype 

1 RM154 4 4 100 180-210bp 1 TGMS-1 180bp 0.8056 0.2809 0.2314 

2 RM190 3 3 100 110-140bp 2 TGMS-3 & TGMS-4 120bp 0.7593 0.3395 0.2754 

3 RM276 3 3 100 110-190bp 2 TGMS-10 & TGMS-17 150bp 0.8519 0.2510 0.2188 

4 RM336 2 2 100 180-190bp - - - 0.6389 0.4599 0.3540 

5 RM287 4 4 100 120-310bp 2 TGMS-6 210 & 310bp 0.8611 0.2253 0.1926 

6 RM279 4 4 100 180-200bp 2 TGMS-1 & TGMS-18 180 & 200bp 0.7500 0.2963 0.2340 

7 RM327 2 2 100 205-210bp 2 TGMS-16 & TGMS-18 205bp 0.8889 0.1975 0.1780 

8 RM324 3 3 100 190-200bp 2 TGMS-6 & TGMS-9 200bp 0.6852 0.3889 0.3040 

9 RM341 3 3 100 140-180bp - - - 0.6667 0.4074 0.3199 

10 RM166 3 3 100 290-305bp - - - 0.8333 0.2654 0.2255 

11 RM418 2 2 100 295-300bp 2 TGMS-5 & TGMS-7 300bp 0.8889 0.1975 0.1780 

12 RM335 5 5 100 100-180bp 1 TGMS-15 180bp 0.8111 0.2827 0.2358 

13 RM499 1 0 0 100bp - - - 0.5000 0.5000 0.3750 

14 RM424 2 2 100 295-300bp 2 TGMS-5 & TGMS-7 300bp 0.8889 0.1975 0.1780 

15 RM592 3 3 100 300-380bp - - - 0.7037 0.3951 0.3145 

16 RM204 3 3 100 110-200bp 1 TGMS-3 180bp 0.7778 0.3169 0.2552 

Total 47 46         
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RM154 

The primer RM 154 pair revealed four alleles varied in size from 180 to 210bp 

(Fig.4.2). One unique band at 180bp was observed by these primers in TGMS-1 line 

RM190 

 The marker RM190 amplified three alleles (Fig.4.3). The alleles amplified by 

marker were 100 percent polymorphic and varied in size from 110 to 150bp. One unique 

band at 120bp was observed in TGMS-3 and TGMS-4 lines. 

RM276 

Four alleles were amplified by the marker RM276 (Fig.4.4). This marker amplifies 

100 percent polymorphism where size of alleles were found vary from 110 to 190bp. One 

unique band at 150bp was unique to TGMS-10 and TGMS-17 

RM336 

  The marker RM336 was able to reveal only two alleles (Fig.4.5). The two loci 

amplified by this marker were 100 percent polymorphic. The amplified products were in the 

range of 180 to 190bp. No unique allele was observed by these primers in any of the lines. 

RM287 

 The marker RM287 amplified four alleles (Fig.4.6), which were polymorphic. The 

size of alleles were in the range of 120 to 310bp. Two alleles at 210 and 310bp were 

unique to TGMS-6 line. 

RM279 

Four amplified alleles were revealed by this marker ((Fig.4.7). The size of alleles 

was noted to vary from 180 to 200bp. Two bands at 180 and 200bp were unique to TGMS-

1 and TGMS-18 lines. 

RM327 

The marker RM327 revealed two polymorphic alleles (Fig.4.8). The size of alleles were 

vary from 205 to 210bp. One band at 205bp was unique to TGMS-16 and TGMS-18 lines. 

RM324 

Three alleles amplified by marker RM324 were found to be polymorphic (Fig.4.9). 

The amplified products were in the range of 190 to 200bp. One band at 200bp was unique 

to TGMS-6 and TGMS-9 lines. 

RM341 

The marker RM341 identified three polymorphic alleles in the range of 140 to 

180bp (Fig.4.10). No unique allele was observed in any line.  

RM166 

Three polymorphic alleles amplified using marker RM166 were varied in size from 

290to 305bp (Fig. 4.11). No unique allele was observed in any line. 
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RM418 

The marker RM418 revealed two polymorphic alleles on Agarose gel (Fig.4.12). 

The amplified products were in the range of 295-300bp. One allele at 300bp was unique to 

TGMS-5 and TGMS-7 lines. 

RM335 

The marker RM335 identified five polymorphic alleles (Fig.4.13). The amplified 

products varied in size from 100 to 180bp. One allele at 180bp was unique to TGMS-15.  

RM499 

 The RM499 was the marker which amplified only one allele of size 100bp (Fig.4.14).  

RM424 

 The marker RM424 revealed two amplified alleles which were 100 percent 

polymorphic (Fig.4.15). The size of alleles varied from 295-300bp. One band at 300bp was 

unique to TGMS-5 and TGMS-7 lines.  

RM592 

Three polymorphic alleles were amplified using marker RM592 (Fig.4.16). The 

amplified products were in the range of 300 to 380bp. No unique locus was observed by 

this marker in any of the lines. 

RM204 

The marker RM204 revealed three amplified alleles and all the alleles were 

polymorphic (Fig.4.17). The amplification size was found to vary from 110 to 200bp. One 

band at 180bp was unique to TGMS-3. 

4.4.3 Relationship among eighteen TGMS lines of Rice using SSRs markers 

 The SSR loci, with a scoring of allelic variation, illustrated the possibility to exploit the 

whole genotype information. The genotype information was based on allelic information i.e. 

whether the SSR band was present or absent in the PCR amplified product which was visualized 

in agarose gel by gel documentation system and bands were scored by using binary codes 0 

(absence) and 1 (presence). The allelic frequency was also calculated by dominant scoring of the 

allele. The SSR data has been used to construct a dendrogram, as well as to identify genotypes 

and compute genetic distances. However, it is believed that the number of alleles might be more 

suitable than locus number to construct dendrograms. This is because different pairs of primers 

or loci have a different genetic diversity, which results in different allelic richness in the same 

group of accessions. 

Jaccard’s similarity coefficients among 18 TGMS lines of rice namely; UPRI-99-

70-1 (1), UPRI99-71-1 (2), UPRI-99-71-2 (3), UPRI-99-73-1 (4), UPRI-99-73-2 (5),  
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Fig. 4.2 SSR profile of eighteen rice TGMS lines with RM154 marker 

 

Fig. 4.3 SSR profile of eighteen rice TGMS lines with RM190 marker 

 

Fig. 4.4 SSR profile of eighteen rice TGMS lines with RM276 marker 



Result and Discussion ………….. 

 

Fig. 4.5 SSR profile of eighteen rice TGMS lines with RM336 marker 

 

Fig. 4.6 SSR profile of eighteen rice TGMS lines with RM287 marker 

 

Fig. 4.7 SSR profile of eighteen rice TGMS lines with RM279 marker 
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Fig. 4.8 SSR profile of eighteen rice TGMS lines with RM327 marker 

 

Fig. 4.9 SSR profile of eighteen rice TGMS lines with RM324 marker 

 

Fig. 4.10 SSR profile of eighteen rice TGMS lines with RM341 marker 



Result and Discussion ………….. 

 

Fig. 4.11 SSR profile of eighteen rice TGMS lines with RM166 marker 

 

Fig. 4.12 SSR profile of eighteen rice TGMS lines with RM418 marker 

 

Fig. 4.13 SSR profile of eighteen rice TGMS lines with RM335 marker 
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Fig. 4.14 SSR profile of eighteen rice TGMS lines with RM499 marker 

 

Fig. 4.15 SSR profile of eighteen rice TGMS lines with RM424 marker 

 

Fig. 4.16 SSR profile of eighteen rice TGMS lines with RM592 marker 
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Fig. 4.17 SSR profile of eighteen rice TGMS lines with RM204 marker 
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UPRI-99-73-3 (6), UPRI-99-73-4 (7), UPRI-99-74-3 (8), UPRI-99-79-1 (9), UPRI-97-60-1 

(10), UPRI-99-72-1 (11), UPRI-99-72-3 (12), UPRI-99-72-4 (13), UPRI-99-74-1 (14), 

UPRI-99-74-3 (15), UPRI-99-75-1 (16), UPRI-99-78-1 (17) and UPRI-97-60-8 (18) are 

presented in Table 4.20. Jaccard’s similarity between the pair of genotype varied from 

maximum 0.97 between UPRI-99-72-1 (11) and UPRI-99-72-3 (12) to a minimum 0.46 

between UPRI-99-73-4 (7) and UPRI-99-75-1 (16). Among the eighteen lines the three 

pairs with lowest genetic similarity (GS) value i.e., maximum diverse pairs were UPRI-99-

73-4 (7) and UPRI-99-75-1 (16) (46% genetic similarity), UPRI-99-73-3 (6) and UPRI-99-

71-2 (3) and UPRI-97-60-8 (18) & UPRI-99-73-2 (5) (with GS value 48%). Similarly, 

three pairs with maximum GS value i.e., minimum diversity in the experimental material 

of the present study were UPRI-99-72-1 (11) and UPRI-99-72-3 (12) (GS value 97%), 

UPRI-99-72-4 (13) and UPRI-99-72-1 (11) (GS value 95%) and between UPRI-99-72-4 

(13) and UPRI-99-72-3 (12) (GS value 93%). 

4.4.4 Genetic diversity among the genotypes 

The objective of the experiment was to estimate the level of genetic diversity 

among the TGMS lines of rice using 16 SSRs markers. The UPGMA dendrogram was 

constructed using Jaccard’s similarity coefficients based on SSRs markers data 

generated on 18 TGMS lines (Fig.4.4.2.7).  A total of 47 alleles were amplified using 

16 SSR primer pairs in the present analysis. All the lines except for marker RM499 

were found to be polymorphic. The range of alleles was 2 - 5, while the average 

number of alleles per primer was 2.93. Shah et al. (2012) observed 5 to 17 alleles per 

locus with a mean of 9.4 alleles per locus.   

Thirteen rare alleles, one of 180bp with primer RM154 in TGMS-1, 120bp with primer 

RM190 in TGMS-3 and TGMS-4, 150bp with primer RM276 in TGMS-10 and TGMS-17, 

210bp and 310bp with primer RM287 in TGMS-6, 180bp and 200bp with primer RM279 in 

TGMS-1 and TGMS-18, 205bp with Rm327 in TGMS-16 and TGMS-18, 200bp with RM324 

in TGMS-6 and TGMS-9, 300bp with RM418 in TGMS-5 and TGMS-7, 180bp with RM335 

in TGMS-15, 300bp with RM424 in TGMS-5 and TGMS-7 and in the last 180bp with RM204 

in TGMS-3 were identified, which can be used for identification and characterization of the 

genotypes. The polymorphic information content (PIC) for these 16 SSR primer pairs ranged 

from 0.1780 (RM327, RM418 and RM424) to 0.3750 (RM499) with mean value 0.2543 

(RM204).
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Table 4.20: Similarity coefficient between genotypes using sixteen SSR primers 

Sl.No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 1.00                  

2 0.74 1.00                 

3 0.63 0.76 1.00                

4 0.68 0.68 0.69 1.00               

5 0.55 0.63 0.61 0.70 1.00              

6 0.59 0.55 0.48 0.57 0.53 1.00             

7 0.59 0.59 0.53 0.65 0.70 0.74 1.00            

8 0.53 0.61 0.68 0.68 0.72 0.72 0.72 1.00           

9 0.51 0.59 0.70 0.53 0.65 0.61 0.53 0.80 1.00          

10 0.57 0.61 0.59 0.68 0.68 0.55 0.63 0.74 0.76 1.00         

11 0.59 0.63 0.65 0.65 0.65 0.57 0.65 0.80 0.82 0.93 1.00        

12 0.57 0.65 0.68 0.63 0.68 0.55 0.63 0.82 0.85 0.91 0.97 1.00       

13 0.59 0.59 0.61 0.70 0.61 0.57 0.65 0.76 0.78 0.89 0.95 0.93 1.00      

14 0.63 0.59 0.57 0.61 0.53 0.61 0.57 0.68 0.74 0.80 0.87 0.85 0.91 1.00     

15 0.61 0.61 0.63 0.59 0.55 0.63 0.59 0.78 0.76 0.74 0.80 0.82 0.76 0.85 1.00    

16 0.65 0.61 0.55 0.63 0.63 0.51 0.46 0.61 0.68 0.74 0.72 0.74 0.68 0.76 0.78 1.00   

17 0.57 0.61 0.68 0.55 0.51 0.59 0.55 0.74 0.76 0.74 0.76 0.78 0.72 0.80 0.91 0.74 1.00  

18 0.59 0.55 0.53 0.57 0.48 0.57 0.53 0.63 0.65 0.72 0.78 0.76 0.82 0.91 0.76 0.76 0.72 1.00 

UPRI-99-70-1 =1, UPRI99-71-1 =2, UPRI-99-71-2 =3, UPRI-99-73-1 =4, UPRI-99-73-2 =5, UPRI-99-73-3 =6, UPRI-99-73-4 =7, UPRI-99-74-3 =8, UPRI-99-79-1 =9, UPRI-97-60-1 =10, UPRI-99-72-1 =11, 

UPRI-99-72-3 =12, UPRI-99-72-4 =13, UPRI-99-74-1 =14, UPRI-99-74-3=15, UPRI-99-75-1=16, UPRI-99-78-1=17 and UPRI-97-60-8=18 
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The SSR diversity observed in the present study is comparable to those reported 

by Nur Azreen et al. (2014) total of 81 alleles with the 26 SSR markers, with an average 

of 3.12 alleles per locus and a PIC value varying from 0.028 to 0.450 in two 

thermosensitive genic male sterile (TGMS) lines. Meti et al. (2013) reported that a total 

of 28 alleles with 12 SSR primers in 48 aromatic rice varieties/landraces. The number of 

alleles per locus ranged from 1 to 5 with an average 2.08. Out of 28 bands, 25 bands 

were polymorphic and three were monomorphic bands. The results reveal that all the 

tested primers showed distinct polymorphism among the landraces/varieties indicating 

the robust nature of SSR markers. Most of the primers showed highest polymorphic 

information content (PIC). Singh et al. (2011) also reported 27 out of 30 markers to be 

polymorphic, amplifying a total of 83 alleles. Each SSR marker amplified 2–6 alleles 

with an average of 2.76 alleles per marker and a PIC value varying from 0.54 to 0.96. 

Morphological traits and SSR markers were used to determine the genetic relationship 

among 12 elite thermosensitive genic male sterile (TGMS) lines developed at three 

different research institutions of India. Sajib et al. (2012) observed that the number of 

alleles per locus ranged from 2 to 6, with an average of 3.33 alleles across 9 loci obtained 

in the study. The polymorphic information content values ranged from 0.14 to 0.71 in all 

9 loci with an average of 0.48. A total of 24 SSR markers were used across 12 elite 

aromatic rice genotypes for their characterization and discrimination. Matin et al. (2012) 

observed total of 79 alleles with an average of 4.38 alleles per locus. The polymorphism 

information content (PIC) value ranged from 0.477 to 0.782, with an average of 0.634. 

The study was taken to assess the genetic diversity among deep water rice genotypes 

using Simple Sequence Repeat (SSR) markers through marker aided selection (MAS). 

Ramadan et al. (2015) reported that 2 to 6 alleles per locus with an average of 2.76 

alleles. The overall size of amplified fragments ranged from 93 to 487 bp. The 

polymorphic information content (PIC) values ranged from 0.21 to 0.79 with an average 

of 0.46. Seven rice genotypes differing in drought tolerance were evaluated for genetic 

diversity by using 46 SSR markers related to drought. 

4.4.5 Genotype clustering based on molecular data  

The UPGMA (un-weighted pair group method with arithmetic mean) 

dendrogram was constructed using Jaccard’s similarity coefficient of SSR marker data 
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of sixteen polymorphic primers generated on eighteen genotypes employing the 

program NTSYS 2.11.  

The dendrogram constructed from SSR data divided eighteen TGMS lines in to 

three groups, I, II and III (Fig. 4.18).  

The cluster I was formed at 0.59 Jaccard’s coefficient of similarity. It consisted of 

two genotypes [UPRI-99-73-3 (6) and UPRI-99-73-4 (7)] clustered together at similarity 

coefficient 0.74. Group I related to Group II at similarity coefficient of 0.61.     

Cluster II consisted of two sub-clusters; sub-cluster IIa and sub-cluster IIb. Sub-

cluster IIa contained ten genotypes. Of these, UPRI-99-72-1 (11) and UPRI-99-72-3 (12) 

were not further separated indicating the high level of genetic similarity (0.97) between 

the two, i.e., some ancestral relationship seems to be there between UPRI-99-72-1 (11) 

and UPRI-99-72-3 (12). 

Sub-cluster IIb consisted of only one genotypes UPRI-99-75-1 (16) which was 

related with sub-cluster IIa by similarity coefficient of 0.77. UPRI-99-75-1 (16) line was 

diverse from the other lines. 

Cluster III consisted of five genotypes among these two lines UPRI-99-73-1 (4) 

and UPRI-99-73-2 (5) which were related to each other by similarity coefficient of 0.57. 

The maximum similarity coefficient observed between UPRI99-71-1 (2) and UPRI-99-

71-2 (3) was 0.76. Cluster III related to cluster II at 0.65 similarity coefficient. 

Based on the SSR marker clustering pattern no any correlation found with 

morphological characters. 

Genetic diversity within the genus gives us an important source of variation that 

to be used to modify rice crop species by various methods. Estimates of genetic 

relationships are very important in designing crop improvement programmes, 

management of germplasm and evolution of conservation strategies. With the advent of 

recent methods in molecular biology, different molecular markers have been applied to 

the study of phylogenetic relationships and identification among and within the species. 
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Figure 4.18: Dendrogram constructed of 18 TGMS lines 
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Table: 4.21 Association of TGMS lines fertility/sterility with marker data 

Clusters Sub-

clusters 

Lines Spikeletes 

fertility 

Markers Specific bands 

Cluster I  TGMS-6 Fertile RM 324 200bp 

 TGMS-7 Sterile   

Cluster II IIa TGMS-16 Sterile   

IIb TGMS-8 Sterile   

 TGMS-9 Fertile RM 324 200bp 

 TGMS-15 Sterile   

 TGMS-17 Sterile   

 TGMS-14 Sterile   

 TGMS-18 Fertile RM 279 180bp and 200bp 

 TGMS-10 Sterile   

 TGMS-13 Sterile   

 TGMS-11 Sterile   

 TGMS-12 Sterile   

Cluster III 

 

 TGMS-4 Sterile   

 TGMS-5 Sterile   

 TGMS-1 Fertile RM 279 180bp and 200bp 

 RM 154 180bp 

 TGMS-2 Sterile   

 TGMS-3 Sterile   

Association study between the banding pattern of different markers and spikeletes 

fertility/sterility of TGMS lines (Table- 4.21) showed that four lines among the eighteen 

were fertile. All the three clusters contained one or two fertile line in each namely, 

cluster I (TGMS-6), cluster II (TGMS-9) and (TGMS-18) and cluster III (TGMS-1). 

These fertile lines separated to other sterile lines by three markers with unique bands. 

TGMS-6 and TGMS-9 showed 200bp specific band by RM 324 marker, TGMS-1 and 

TGMS-18 showed 180bp and 200bp specific bands and in TGMS-1 also showed 180bp 

specific band with RM 254 marker, it means that the specific bands 180bp and 200bp 

generated by different markers in different lines responsible for fertility. This molecular 

diversity analysis may be useful for identification of TGMS lines. Another association 

between marker and TGMS lines, study for gca of TGMS lines for number of traits, there 

were four TGMS lines good for different traits viz, TGMS-14, TGMS-17, TGMS-10 and 

TGMS-18. Among these lines only two lines showed specific band only by one marker 

that were TGMS-10 and TGMS-17 with 150bp specific band by RM 276 marker, this 

may be helpful for identification of good TGMS lines for number of traits and used in 

hybrid development for getting higher yield. 
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Chapter-5 SUMMARY AND CONCLUSION    

 

The present investigation entitled “Morphological and molecular evaluation of 

thermosensitive genetic male sterile (TGMS) lines and their heterotic combinations in 

rice (Oryza sativa L.)” was undertaken with the following objectives: 

 Determination of the critical sterility and critical fertility temperature for the 

different TGMS lines 

 Evaluation and characterization of TGMS lines based on morphological 

traits and molecular markers  

 To estimates the nature and magnitude of heterosis among of the crosses  

 To estimates the nature of gene action and combining ability of TGMS lines 

and crosses for yield and other yield contributing traits. 

The present investigation was carried out at the Borlaug Crop Research Center of G. B. 

Pant University of Agriculture and Technology, Pantnagar, Uttarakhand (India) during 2013 

and 2014. The eighteen TGMS lines were evaluated for sterility and fertility in three season 

and two main seasons during 2013 and 2014 and off-season during 2014. The eighteen lines 

were crossed with four testers during kharif season in 2013 using Line X Tester mating design. 

The resulting seventy two F1’s with twenty two parents (lines and testers) grown in 

randomized complete block design in three replications along with four checks. 

The eighteen TGMS lines were characterized based on sixteen quantitative 

characters and molecular genetic diversity among these TGMS lines were also assessed 

under present study. The data were recorded for these TGMS line viz, days to 50% 

flowering, panicle type, apiculous pigmentation, stigma color, awning, anthesis time, 

anthesis time duration (min.), plant height, glume angle, panicle excertion percent, stigma 

exsertion percent, stem color, panicle lengths, pollen sterility, number of tillers per plant 

and plant height.  

The data recorded on F1’s were observed on randomly selected five plants from each 

plot of replication for Days to 50% flowering, Plant height, Panicle length, Panicle number per 

plant, Spikelet number per panicle, Grain number per panicle, Per cent spikelet fertility, 1000 

grain weight, Harvest index and Grain yield per plant. Line X Tester analysis done without 



Summary and Conclusion ………….. 

parents and combining ability as suggested by Kempthorne (1957) through computer 

generated ENDOSTAT 3.0. The investigation also included the molecular diversity analysis of 

eighteen TGMS lines by sixteen SSR markers. The molecular work has been done at 

Pantnagar Centre for Plant Genetic Resources (PCPGR) lab and UG Plant Biotechnology Lab 

of the department of Genetics and Plant Breeding, Pantnagar.  

The results of the present study have been concluded as under: 

1. Combining ability and standard heterosis 

 The lines that were best general combiner for different traits viz; TGMS-14 was best 

general combiner for days to 50% flowering, plant height, panicle length and grain yield 

per plant. TGMS-17 was good combiner for panicle length, spikelet number per panicle, 

grain number per panicle and harvest index. TGMS-10 was good combiner for plant 

height, percent spikelet fertility, 1000 grain weight and grain yield per plant and another 

promising line and TGMS-18 was good combiner for spikelet number per panicle, grain 

number per panicle, 1000 grain weight and grain yield per plant.  

 The testers Pant Dhan-12 was the good combiner for days to 50% flowering, plant height, 

panicle number per plant, spikelet number per panicle, grain number per panicle and 1000 

grain weight. Pant Dhan-4 for plant height, panicle number per plant, panicle length, 

harvest index and grain yield per plant UPRI-93-287R was good combiner for days to 50% 

flowering, plant height, panicle length and grain yield per plant. 

 Association study between marker and GCA effects of TGMS lines, based on GCA 

there were four TGMS lines good for different traits viz, TGMS-14, TGMS-17, 

TGMS-10 and TGMS-18. Among these lines only two lines showed unique band 

only by one marker that were TGMS-10 and TGMS-17 at 150bp by RM 276 

marker, this may be helpful for identification of good TGMS lines for number of 

traits and used in hybrid development for getting higher yield. 

 Based on the SCA effect and per se performance the common crosses were selected 

for different traits. For days to 50% flowering viz. TGMS-16 × Pant Basmati-1, 

TGMS-14 × Pant Dhan-12 and TGMS-12 × UPRI-93-287R were the best hybrids For 

early maturity, TGMS-4 × Pant Dhan-4 and TGMS-11 × Pant Dhan-12 For dwarf 

plant type, For panicle number per plant viz. TGMS-4 × Pant Dhan-4 and TGMS-7× 

UPRI-93-287R, For panicle length TGMS-12 × Pant Basmati-1, good hybrids For 

spikeletes number per panicle and grain number per panicle were TGMS-17 × Pant 
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Basmati-1 and TGMS-10 × Pant Dhan-4, For percent spikeletes fertility was TGMS-

1×UPRI-93-287R, For 1000 grain weight were TGMS-4 × Pant Dhan-4 and TGMS-15 

× Pant Dhan-4, For harvest index TGMS-16 × Pant Basmati-1 and TGMS-18 × Pant 

Dhan-4 and For grain yield per plant good hybrids were TGMS-14 × Pant Dhan-4, 

TGMS-9 × Pant Basmati-1 and TGMS-16 × UPRI-93-287R. 

 The study of crosses in relation to GCA effects indicated high × high, high × low, high 

× average, low × average, low × high, low × low, average × high, average × low and 

average × average GCA combinations of the parents. It could, therefore, be concluded 

that allelic and non-allelic interactions were involved in the inheritance of these traits.  

2. Based on the significant and high estimates of standard heterosis five crosses for seed 

yield were identified which also showed high SCA effect and per se 

performance.TGMS-14 × Pant Dhan-4, TGMS-16 × UPRI-93-287R, TGMS-17 × 

UPRI-93-287R, TGMS-9 × Pant Basmati-1 and TGMS-14 × UPRI-93-287R. All the 

five crosses emerged from the High × High GCA effect of parents except one cross 

which was showed High × Low GCA effect.  

3. Component of genetic variance and gene action 

 Estimates of variance of general combining ability were lower than those of 

variance of specific combining ability for all the traits. Showing preponderance of 

non-additive gene action except plant height, panicle length and spikelet number 

per panicle which showing additive gene action. 

 High estimates of broad sense heritability coupled with high genetic advance for 

spikelet number per panicle. For yield high heritability coupled with moderate 

genetic advance indicated the scope of getting better recombinants.  

 The contribution of lines to the total variance was greater than testers and line × tester 

interaction for three characters, viz. days to flowering, spikelet number per panicle and 

grain yield per plant indicating predominant maternal influence for these traits. 

Contribution of testers was more than lines and line × tester interactions for plant 

height and panicle length. Line × tester interactions contributed more than lines and 

testers for Panicle Number per Plant, Grain Number per Panicle, Percent Spikelet 

Fertility, 1000 Grain Weight and harvest index. 
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4. Evaluation of TGMS lines 

 There were different lines found suitable for different traits. The lines which 

showed high panicle exsertion, high stigma exsertion, more anthesis duration and 

high pollen sterility could be useful in two line hybrid development. 

 The lines found suitable for high panicle exsertion TGMS-3, TGMS-4, TGMS-5, 

TGMS-8 and TGMS-18, for high stigma exsertion were TGMS-11 and TGMS-17, 

the line with high anthesis duration were TGMS-8, TGMS-3 and TGMS-11 and the 

lines with high pollen sterility were TGMS-4, TGMS-5, TGMS-9 and TGMS-12. 

These lines can be used in two line hybrid development.  

 Out of eighteen lines, ten TGMS lines lines viz, TGMS-2, TGMS-3, TGMS-4, 

TGMS-5, TGMS-7, TGMS-8, TGMS-10, TGMS-11, TGMS-14 and TGMS-15 

appeared complete sterile at average temperature 28.53 to 28.92°C. These can be 

used to develop the two line hybrid in rice. 

 Out of eighteen lines, four lines TGMS-1, TGMS-6, TGMS-9 and TGMS-18 

showed fertile spikelets in both main kharif season during 2013 and 2014. But 

showed complete sterilility in 2014 offseason. Its meaning that lines required high 

temperature compare to main season because in offseason the average temperatures 

were 31.74 to 31.94°C. So these lines required >29°C critical temperature for 

complete sterility. Another four lines viz. TGMS-12, TGMS-13, TGMS-16 and 

TGMS-17 found that seed setting in kharif, 2013 and complete sterility in kharif 

and offseason 2014. It is meaning that the critical sterility temperature for these 

lines slightly higher 29.39-29.53°C than the 2013 kharif season. 

 Therefore in Pantnagar situation for getting complete sterility these lines sowing 

will be done in last week of May and transplanting will be done after 25 to 30 days 

seedlings and then we can go for two line hybrid programme. 

5. Molecular genetic diversity 

 A total of 47 alleles were amplified using 16 SSR primer pairs in the present 

analysis of eighteen rice TGMS lines all of which were found to be polymorphic 

except for one primer pair. The range of alleles was 2 - 5 while the average number 

of alleles per primer was 2.93. 
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 Thirteen rare alleles found, one of 180bp with primer RM154 in TGMS-1, 120bp with 

primer RM190 in TGMS-3 and TGMS-4, 150bp with primer RM276 in TGMS-10 and 

TGMS-17, 210bp and 310bp with primer RM287 in TGMS-6, 180bp and 200bp with 

primer RM279 in TGMS-1 and TGMS-18, 205bp with Rm327 in TGMS-16 and 

TGMS-18, 200bp with RM324 in TGMS-6 and TGMS-9, 300bp with RM418 in 

TGMS-5 and TGMS-7, 180bp with RM335 in TGMS-15, 300bp with RM424 in 

TGMS-5 and TGMS-7 and in the last 180bp with RM204 in TGMS-3 were identified, 

which can be used for identification and characterization of the genotypes. 

 The polymorphic information content (PIC) for these sixteen SSR primer pairs 

ranged from 0.1780 (RM327, RM418 and RM424) to 0.3750 (RM499) with mean 

value 0.2543 (RM204). This indicated that SSR markers could be efficiently 

applied to detect polymorphism even with relatively low number of alleles. 

 The range of Jaccard’s similarity between genotype pair was found to vary from 

maximum between UPRI-99-72-1 (11) and UPRI-99-72-3 (12) to a minimum 

between UPRI-99-73-4 (7) and UPRI-99-75-1 (16). 

 Association among the genotypes revealed as expressed by Unweighted Pair Group 

Method with Arithmetic Mean (UPGMA) cluster analysis. The dendrogram 

constructed from SSR marker data divided eighteen rice TGMS lines into three 

clusters: Cluster I, II and III. Cluster I contained two line, Cluster II eleven lines 

and Cluster III contained five lines. 

 Association study between the banding pattern of different markers and spikeletes 

fertility/sterility of TGMS lines showed that four lines out of eighteen were fertile. 

All the three clusters contained one or two fertile line, cluster I (TGMS-6), cluster 

II (TGMS-9) and (TGMS-18) and cluster III (TGMS-1). These fertile lines 

separated to other sterile lines by three markers with unique bands. TGMS-6 and 

TGMS-9 showed 200bp specific band by RM 324 marker, TGMS-1 and TGMS-18 

showed 180bp and 200bp unique bands and in TGMS-1 also showed 180bp unique 

band with RM 254 marker, it means that the unique bands 180bp and 200bp 

generated by different markers in different lines responsible for fertility. This 

molecular diversity analysis may be useful for identification of TGMS lines or may 

be used for marker assisted selection (MAS) for two line hybrid development. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LLiitteerraattuurree    

CCiitteedd  
 



Literature Cited ………… 

LITERATURE CITED  
   

Abhinav, S. and Motiramani, N.K. 2006. Combining ability analysis for yield and yield 

contributing traits using cytoplasmic male sterility-fertility restoration system in 

rice hybrids. Jordan J. of Agri. Sci., 2(1):29-34. 

Agarwal, K.B. 2003. Heterosis in rice. Annals of Agr. Res., 24(2): 375-378. 

Agrawal, K.B. 2003. Variability studies in segregating populations of rice. Annals. Agric. 

Res., 24(4): 707-709. 

Akram, M., Munir, M., Ajmal, S., Mahmud, S. and Ashraf, Y. 2007. Combining ability 

analysis for yield and yield components in rice (Oryza sativa L.). Pak. J. Agric. Res., 

20: 1-2. 

Akter, A., Hasan, M.J., Begum, H., Kulsum, M.U. and  Hossain, M.K. 2010. Combining 

ability analysis in rice (Oryza sativa L.). Bangladesh J. Pl. Breed. Genet. 23(2):7-13. 

Alam, M.F., Khan, M. R., Nuruzzaman, M., Parvez, S., Swaraz, A.M., Alam, I. and 

Ahsan, N. 2004. Genetic basis of heterosis and inbreeding depression in rice 

(Oryza sativa L.). J. Zhejiang Univ. Sci., 5(4): 406-411. 

Ali, S.S., Jafri, S.J.H., Khan, T., Mahmood, A. and Butt, M. A. 2000. Heritability of 

yield and yield components of rice. Pak. J. Agric. Res., 16(2): 89-91. 

Allard, R.W. 1960. Principles of Plant Breeding. John Wiley and Sons, New York. pp. 50-108. 

Anonymous, 2013. Draft proceedings of 49
th 

Annual Rice Meetings 6-8 april, 2014. DRR.  

Athwal, D.S. and Virmani, S.S. 1972. Cytoplasmic male sterility and hybrid breeding in 

rice. In : Rice Breeding. IRRI, Los Banos, Laguna, Philippines. pp. 615-620. 

Baack, E. J., Sapir, Y., Chapman, M. A., Burke, J. M. and Rieseberg, L. H. 2008. 

Selection on domestication traits and quantitative trait loci in crop–wild sunflower 

hybrids. Mol Ecol. 17:666–677. 

Bagheri, N. and Jelodar, N.B. 2010. Heterosis and combining ability for yield and 

related yield traits in hybrid rice. Int. J. of Bio. 2 (2): 222-231. 



Literature Cited ………… 

Banumathy, S., Thiyagarajan, K. and Vaidyanathan, P. 2003. Study on magnitude of 

heterosis of rice hybrids for yield and its components. Crop Res., 25:287-293. 

Baskheti, D.C. 2005. Combining ability analysis for seed yield and component characters 

in rice (Oryza sativa L.). Agricultural and Biological Research. 21(2): 161-168. 

Bhave, S.G., Dhonukshe, B.L. and Bendale, V.W. 2003. Combining ability in hybrid 

rice (Oryza sativa L.). Journal of Soils and Crops. 13(1): 41-46. 

Boby, T. P. and Nadarajan, N. 1993. Genetic analysis of yield components in rice 

involving CMS lines. IRRI Notes, 18(1): 8-9. 

Borchert, T., and Hohe, A. 2009. Identification of molecular markers for the flower type 

in the ornamental crop Calluna vulgaris. Euphytica. 170:203–213. 

Borkakati, R. and Virmani, S.S. 1994. Inheritance of a thermosensitive genic male 

sterile mutant of indica rice. Rice Genetics Newsletter, 10: 92-94. 

Chandiraka, R. and Thiyagarajan, K. 2010. Heterotic expression of two line hybrid in 

rice (Oryza sativa L.). Electronic J. Plant Breeding. 1(4): 1070-1078. 

Carnaham, H.L., Horin, A.W., Graumann, H.W.,  Kour, W.R., Davis, R.L., Eling, L.S. 

and Handson, 1960. General vs specific combining ability in alfalfa for seedling 

vigour and fall growth habit in year of establishment. Agron. J., 52: 511-516. 

Castelblanco, W., and Fregene, M. 2006. SSCP-SNP-based conserved ortholog set 

(COS) markers for comparative genomics in cassava (Manihot esculenta crantz). 

Plant. Mol. Biol. Rep. 24:229–236. 

Celine, V.J. N., Stephen, R., Manju, R.V. and Shabana R. 2014. Evaluation of 

thermosensitive genic male sterile lines in rice suitable to Kerala through marker 

assisted selection. J. of Tropi. Agri., 52 (1): 74-78. 

Chandirakala, R. and Thiyagarajan, K. 2010. Heterotic expression of two line hybrids 

in rice (Oryza sativa L.) El. J. of Plant Breeding, 1(4): 1070-1078. 

Chandirakala, R., Kandasamy, G. and Thiagarajan, K. 2008. Combining ability of TGMS 

lines for yield improvement in rice (Oryza sativa L.). Plant Archive.8 (1):77-84. 



Literature Cited ………… 

Chaudhary, R. C. 1984. Introduction to Plant Breeding. New Delhi, Oxford and IBH. 

Comstock, R.E. and Robinson, H.F. 1948. The components of genetic variance in 

population of biparental progenies and their use in estimating the average degree 

of dominance. Biometrics. 4: 254-66. 

Dan Z, Liu P., Huang, W., Zhou, W., Yao, G., et al. 2014. Balance between a higher 

degree of heterosis and increased reproductive isolation: A Strategic Design for 

Breeding Inter-Subspecific Hybrid Rice. PLoS ONE 9(3): e93122. 

doi:10.1371/journal.pone.0093122 

De Alcochete, A.A.N., Rangel, P.H.N. and Ferreira, M.E. 2005. Mapping of 

quantitative trait loci for thermosensitive genic male sterility in indica rice. Pesq. 

agropec. bras., Brasília, 40(12):1179-1188. 

Delarosa, A.M., Masajo, T.M., Escamos, S.H., Cayaban, E.B. Jr., Lilican, D.J., 

Borromeo, T.H. and Henandez, J.E. 2003. Performance of thermosensitive 

genetic male sterile (TGMS) based two line rice (Oryza sativa L.) hybrids. 

Philippine J. of Crop Scie.28(1): p. 5. 

Divyapriya, D. and Kalaiyarasi, R. 2014. Combining ability of TGMS lines and 

utilization of heterosis in rice (Oryza sativa L.). Trends in Biosc. 7(19):3064-3071. 

Dong, N.V., Subudhi, P.K., Kyong, P.N., Quang, V.D., Quy, T.D., Zheng, H.G., 

Wang, B. and Nguyen, H.T. 2000. Molecular mapping of a rice gene conducting 

thermosensitive genic male sterility using AFLP, RFLP and SSS techniques. 

Theo. Appl. Gen., 100(5): 727-734. 

Dorosti, H. and Monajjem S. 2014. Gene action and combining ability for grain yield 

and yield related traits in rice (Oryza sativa L.). The J. of Agri. Sci.,9(3):100-108. 

Dwivedi, D.K., Pandey, M.P., Pandey, S.K. and Li Rongbai. 1998. Heterosis in inter and 

intrasubspecific crosses over three environments in rice. Euphytica, 99(3): 155-165. 

Dwivedi, D.K., Pandey, M.P., Pandey, S.K. and Li Rongbai. 1999. Combing ability 

over environments in rice involving indica and tropical japonica lines. Oryza, 

36(2): 101-107. 

Faiz, F. A., Sabar, M., Awan, T. H., Ijaz, M. and Manzoor, Z. 2006. Heterosis and 

combining ability analysis in basmati rice hybrids. J. Anim. Pl. Sci. 16(1-2): 56-59. 



Literature Cited ………… 

Gam, N.T. and Hoan, N.T. 2002. Combining ability in hybrid rice in Vietnam. In : 

Abstracts : 4
th

 International Symposium on Hybrid Rice, Hanoi, Vietnam, 14-17 

May, 2002. pp. 117. 

Ganeshan, K.N. and Rangaswamy, M. 1998. Combining ability studies in rice hybrids 

involving wild abortive (WA) and Oryza perennis sources of CMS lines. Oryza. 

30: 33-37. 

Garris, A. J, Tai, T. H., Coburn, J., Kresovich, S. and McCouch, S. 2005. Genetic 

structure and diversity in Oryza sativa L. Genet. 169:1631–1638. 

Ghara, A.G., Nematzadeh, G., Bagheri, N., Oladi, M. and Bagheri, A. 2014. 

Heritability and heterosis of agronomic traits in rice lines. Intl J Farm & Alli Sci. 

3(1 ):66 -70. 

Giarrocco, L. E.,Marassi, M. A and Salerno, G. L. 2007. Assessment of the genetic 

diversity in argentine rice cultivars with SSR markers. Crop Science, 47 (2): 853-858. 

Gnanasekaran, M., Vivekananda, P. and Muthuramu, S. (2006). Combining ability 

and heterosis for yield and quality in two line rice (Oryza sativa L.) hybrids. Indian 

J. Genet. 66(1): 6-9. 

Gnanasekaran, M., Vivekanandan, P. and Muthuramu, S. 2006. Combining ability 

and heterosis for yield and grain quality in two line rice (Oryza sativa L.) hybrids. 

Ind. J. Genet., 66(1): 6-9. 

Grieu, F., Joseph, D., Norman, P. and Iacopetta, B. .2004. Development of a rapid 

genotyping method for single nucleotide polymorphisms and its application in 

cancer studies. Oncol. Rep. 11:501–504. 

Griffing, B. 1956. Concept of general and specific combining ability in relation to diallel 

crossing system. Aust. J. Biol. Sci., 9: 463-493. 

Gu, F.L., Lu, C.G., Lu, M.L., Zhu, H.Y. and Zou, J.S. 1989. Biochemical basis of high 

yielding capacity in indica, japonica hybrid rice. Jiangsu. J. Agric. Sci., 5: 31-38. 

Gulzar, S., Sanghera, Subhash, C. and Kashyap .2012. Genetic parameters and 

selection indices in F3 progenies of hill rice genotypes. Nat Sci Biol,4(4):110-114. 

Gupta, S. K. 2000. Plant Breeding: Theory and Techniques. Published by Updesh 

Purohit for Agrobios, India. 



Literature Cited ………… 

Hallauer, A.R. and Miranda, J.B. 1988. Quantitative genetics in maize breeding. Iowa 

state Uni., Ames, IA. 

Hariprasanna, K., Zaman, F.U., Singh, A.K. and Tomar, S.M. 2006. Analysis of 

combining ability status among parents and hybrids in rice (Oryza sativa L.). Ind. 

J. Genet., 66(1): 28-30. 

Hashimoto, Z., Mori, N., Kawamura, M., Ishii, T., Yoshida, S., Ikegami, M., Takumi, 

S. and Nakamura, C. 2004. Genetic diversity and phylogeny of Japanese 

sakebrewing rice as revealed by AFLP and nuclear and chloroplast SSR markers. 

Theor. Appl. Genet. 109:1586–1596. 

Heu, M.H. 1967. Studies on the growth duration and hybrid sterility in remote cross 

breeding of cultivated rice. J. Korean Soc. Crop Sci., 4: 31-71. 

Hosseini, M., Nejad, R.H. and Tarang, A.R. 2005. Gene effects, combining ability of 

quantitative characteristics and grain quality in rice. Iranian J. Agric. Sci., 36(1): 21-32. 

Huang, J.Z., E, Z.G., Zhang, H.L. and  Shu, Q.Y. 2014. Workable male sterility 

systems for hybrid rice: Genetics, biochemistry, molecular biology, and 

utilization. Rice, 7:13  doi:10.1186/s12284-014-0013-6. 

Ikehashi, H., Zou, J.S., Moon, H.P. and Maruyama, K. 1994.  Wide compatibility 

gene(s) and indica-japonica heterosis in rice for temperate countries. In : Virmani, 

S.S. Ed. Hybrid rice technology : new developments and future prospects. 

International Rice Research Institute, Manila, Philippines. pp. 21-31. 

Ingale, B.V., Waghmode, B.D. and Hodawadekar, S.S. 2005. Identification of restorers and 

maintainers for various CMS lines in rice. J. Maharastra Agric. Univ. 30(2): 163-166. 

Ingale, B.V., Waghmode, B.D., Swant, D.S. and Shinde, D.B. 2004. Evaluation of 

newly developed CMS lines of rice (Oryza sativa L.) for their agronomical and 

floral traits. Indian J. Gent. and Plant Breed. 64(4): 286-290. 

Iqbal, M.Z. and Khan, S.A. 2003. Line × tester analysis in true seed of potato (Solanum 

tuberosum spp tubersum). Online J. Bio. Sci., 3(7): 674-680. 

Ishii, T., Hiraoka, T., Kanzaki, T., Akimoto, M., Shishido, R. and Ishikawa, R. 2011 

Evaluation of genetic variation among wild populations and local varieties of rice. 

Rice. doi:10.1007/s12284-011-9067-x. 



Literature Cited ………… 

Ji, Q., Lu, J., Chao, Q., Gu, M. and Xu, M. 2005. Delimiting a rice wide compatibility 

gene55 n to a 50 kb region. Theor. Appl. Genet., 111: 1495-1503. 

Jin, D.M., Li, Z.B. and Wan, J.M. 1988. Use of photoperiod sensitive genic male 

sterility. In : Rice Breeding Hybrid Rice. International Rice Research Institute, 

Manila, Philippines. pp. 267-268. 

Kastuo, K.  and Mizushima, U. 1958. Ikushugaku Zesshi. Japan J. Breed. 8: 1-5. 

Kaul, M.L.H. 1988. Male sterility in higher plants. Monographs of Theoretical and 

Applied Genetics. 10: 107. 

Koli, N.R., Punia, S.S. and Kumhar, B.L.2013. Assessment of genetic variability and 

correlation analysis for yield and its components characters in rice (Oryza sativa 

L.) accessions. Green Farming.4 (2):160-162. 

Kuhn, D. N., Motamayor, J. C., Meerow, A. W., Borrone, J. W. and Schnell, R. J. 

2008. SSCP markers provide a useful alternative to microsatellites in genotyping 

and estimating genetic diversity in populations and germplasm collections of plant 

specialty crops. Electrophoresis 29:4096–4108. 

Kumar,  A., Chaudhary, V.K. and Singh, N.K. 2004. Combing ability analysis for 

yield and its components in hybrid rice. Annals of Agric. Res., 25(2): 206-210. 

Kumar, A., Singh, N.K. and Sharma, V.K. 2006. Combining ability analysis for 

identifying elite parents for heterotic rice hybrids. Oryza. 43(2): 82-86. 

Kumar, S., Singh, H.B. and Sharma, J.K. 2007. Combining ability analysis for grain 

yield and other assosciated traits in rice. Oryza. 44(2): 108-114. 

Kumar, S.T., Narasimman, R. Thangavelu, P., Eswaran R., and Kumar, C. P. S. 

2007. Combining ability analysis for yield and its component characters in rice 

(Oryza sativa L.). Int. J. Plant Sci., 2(1): 151-155. 

Kumari, R.U., Rangasamy, P. and Gomez, S.M. 2003. Heterosis studies for yield and 

its components involving indica/japonica wide compatible varieties in rice (Oryza 

sativa L.). Plant Archives. 3(2): 259-263. 

Latha, R. and Thiyagarajan, K. 2010. Fertility alteration behaviour of Thermosensitive Genic 

Male Sterile lines in Rice Oryza sativa L. Electronic J. Plant Breeding. 1(4):1118-1125. 



Literature Cited ………… 

Lee, D.S., Li, J.C. and Suh, H.S. 2005. Genetic characterization and fine mapping of a 

novel thermosensitive genic male sterile gene tms 6 in rice (Oryza sativa L.). 

Theor. Appl. Genet., 111: 1271-1277. 

Li, R. and Pandey, M.P. 1998. Development of a thermo sensitive genic male sterile line 

for hybrid breeding through ovary culture in rice (Oryza sativa L.). J. Plant 

Biochm. and Biotechnol., 7(2): 103-106. 

Li, R., Gupta, S. and Pandey, M.P. 2001. Genetic marker assisted selection for breeding wide 

compatible TGMS lines in rice (Oryza sativa L.). In : Kharkwal, M.C. and Mehra, R.B. 

(Eds.) Poster abstracts of the Diamond Jubilee Symposium on “Hundred years of post-

medelian genetics and plant breeding-retrospect and prospects”. 6-9 Nov., New Delhi. 

Indian Society of Genetics and Plant Breeding, New Delhi, India PS IV-23. 

Li, W., Zhang, G.Q., Diang, X.H., Zuo, Q.F. and Zhng, J.Z. 2003. Combining ability 

analysis of major agronomic characters of indica-japonica lines in rice. J. Sourth 

China Agric. Univ., 24(2): 1-5. 

Litt, M. and Luty, J.A. 1989. A hypervariable microsatellite revealed by in vitro 

amplification of a dinucleotide repeat within the cardiac muscle actin gene. Ameri 

J.Human Genet.,44:397-401. 

Liu, J.F., Kang, C.L., Chen, L.Y., Tang, W.B., Chen, G.H. and Sun, J.L. 2002. 

Breeding and application of indica rice thermosensitive genic male sterile line 

Kang 201S. Hybrid Rice, 17(1): 9-10. 

Liu, W., Shi, Y.L., Ma, H.W., Wang, J., Li, Z.C. and Zhang, H.L. 2005. Study on 

heterotic ecotypes of Japonica rice based on the heterosis. Xibei Zhiwu Xuebao. 

25(1): 64-69. 

Liu, Y.B. and Sun, Y.W. 1990. A study of the panicle structure of indica-japonic rice 

hybrids. Acta Agric. Univ. Jiangxiensis. 12(4): 59-62. 

Lohithaswa, H.C., Hemareddy, H.B., Mahadevappa, M. and Uday Kumar, M. 2000. 

Characterization and evaluation of thermosensitive genetic male sterility mutants 

for two-line hybrid rice breeding. Tropic.Agri.78:240-245. 

Lopez, M.T. and Virmani, S.S. 2000. Development of TGMS line for developing two 

line hybrids for the tropics. Euphytica. 114(3): 211-215. 



Literature Cited ………… 

Lu, C.G., Gu, F.L.,  Lu, M.L. and Zou, J.S. 1993. The comparative studies on 

biological characteristics between five indica japonica hybrids and their parents. 

Chinese J. Rice. Sci., 7(4): 205-210. 

Lu, X.G. and Wang, J.L. 1988. Fertility transformation and genetic behaviour of Hubei 

photoperiod sensitive genic male sterile rice. In : Hybrid Rice. International Rice 

Research Institute, Manila, Philippines, pp. 128-179. 

Mahalingam, A., Saraswathi,  R. and Ramalingam, J. 2013. Simple sequence repeat 

(SSR) markers for assessing genetic diversity among the parental lines of hybrid 

rice (Oryza sativa L.) Afri. J. of Biotech.12 (33):5105-5116. 

Mahalingam, A., Saraswathi,  R., Ramalingam, J. and Jayaraj, T. 2013. Genetics of 

floral traits in cytoplasmic male sterile (cms) and restorer lines of hybrid rice 

(Oryza sativa L.). Pak. J. Bot., 45(6):1897-1904. 

Malarvizhi, D., Thiyagarajan, K., Vijayalaksmi, C. and Manonmani, S. 2009. 

Exploitation of heterosis for yield and physiological traits in hybrid rice (Oryza 

sativa L.): A comparative study under flooded and aerobic conditions. Indian J. 

Genet. 69(4): 371-182. 

Malik, S. and Singh, S. 2013. Combining ability analysis for yield and related traits in 

rice (Oryza sativa L.). bioscan. 8(4):1417-1420. 

Manonmani, S., Khan, A.K.F. and Thiyagarajan, K. 2005. Genetic studies in rice over 

different environments. Adv. Plant Sci., 18(1): 361-365. 

Maruyama, K., Araki, H. and Kasto, H. 1990. Enhancement of outcrossing habits of 

rice plant by mutation breeding. Institute of Readiation Breeding. NIAR, Ministry 

of Agriculture, Forestry and Fisheries, Japan.  

Maruyama, K.; Araki, H. and Kasto, H. 1991. Thermosenstive genic male sterility 

induced by irradiation. In : Rice Genetics II. Proceedings of 2
nd

 International Rice 

Genetics Symposium. International Rice Research Institute, Manila, Philippines 

14-18 May. 

Matin, Sadia., Ashrafuzzaman, M., Monirul, M.I., Sikdar, S.U., and Zobayer, N. 

2012. Molecular marker based (SSR) genetic diversity analysis in deep water rice 

germplasms of Bangladesh. Int. J. Biosci. 10(2):64-72. 



Literature Cited ………… 

Matthayatthaworn, W., Sripichitt, P., Phumichai, C., Rungmekarat, S., Uckarach, S. 

and Sreewongchai, T. 2011 Development of specific simple sequence repeat 

(SSR) markers for non-pollen type thermo-sensitive genic male sterile gene in rice 

(Oryza sativa L.) Afri. J. Biotech.10(73):16437-16442. 

Mehla, I. S., Singh, A., Panwar D. V. S. and Singh, A. 2000. Combining ability studies 

for yield and its components in rice hybrids. Agric. Sci. Digest, 20(3): 146-149. 

 Meti, N., Samal, K. C., Bastia, D. N. and Rout, G. R. 2013. Genetic diversity analysis 

in aromatic rice genotypes using microsatellite based simple sequence repeats 

(SSR) marker. African J. of Biotech.12 (27):4238-4250. 

Mishra, L.K., Verma, R. and Parvin, J. 2003. Association among yield and some 

quality attributing traits in rice. Plant Archives, 3(2): 271-277. 

Mishra, R.K. and Sheshgiri, B.S. 2001. Combining ability and herosis in rice hybrids 

involving CMS lines. In : Kharkwal, M.C. and Mehra, R.B. (Eds.) poster. Abstracts of 

the Diamond Jubilee Symposium on “Hundred Year of Post Mendelian Genetics and 

Plant Breeding-Retrospect and Prospects”, 6-9 Nov., New Delhi. Indian Society of 

Genetics and Plant Breeding, New Delhi, India PS V-15. 

Muangprom, A., Thomas, S. G., Sun, T. P. and Osborn, T. C. 2005.  A novel 

dwarfing mutation in a green revolution gene from Brassica rapa. Plant Physiol. 

137:931–938. 

Nadarajan, N. and Gunasekaran, M. 2005. Quantitative genetics and biometrical 

techniques in plant breeding. Kalyani Pub., New Delhi. 

Nijaguna, G. and Mahadevappa, M. 1983. Heterosis in inter-varietal hybrids of rice. 

Oryza. 20: 159-161. 

Nur Azreen, M., Siju, S., Bhuiyan, M.A.R. and Wickneswari, R.2014. Estimation of 

genetic diversity and identification of potential rice lines for two-line hybrid based 

on microsatellite marker and phenotypic trait analyses. Malays. Appl. Biol. 

43(2):81-88. 

Nuruzzaman, M., Alam, M.F., Ahmed, M.G., Shohael, A.M., Biswas, M.K., Amin, 

M.R. and Hossain, M.M. 2002. Studies on parental variability and heterosis in 

rice. Pakistan J. Biol. Sci., 5(10): 1006-1009. 



Literature Cited ………… 

Oka , H.I. 1998. Origin of cultivated rice. Jpn. Sci. Soc. Press, Elesevier, Tokyo, pp; 254. 

Paikhomba, N., Kumar, A., Chaurasia, A.K. and Rai, P.K.2014. Assessment of 

genetic parameters for yield and yield components in hybrid rice and parents. J. 

Rice Res. 2(1):117. 

Pandey, M.P., Li, R., Singh, J.P., Mani, S.C., Singh, H. and Singh, S. 1998. The 

identification and nature of a new thermo sensitive genic male sterility source, 

UPRI 95-140 TGMS in rice. Cereal Res. Common. 26(3): 265-269. 

Pandey, M.P., Seshu, D.V. and Akbar, M. 1992. Inheritance of embryo length in 

japonica rice Oryza sativa L. Egypt. J. Genet. Cytol. 21: 153-164. 

Pandey, M.P., Seshu, D.V. and Akbar, M. 1994. Genetics of embryo size and its 

relationship. Egypt J. Genet. Cytol., 21: 153-164. 

Pandey, M.P., Singh, J.P. and Singh, H. 1995. Heterosis breeding for grain yield and other 

agronomic characters in rice (Oryza sativa L.). Indian J. Genet. 55(4): 438-445. 

Pandey, M.P., Singh, J.P., Mani, S.C., Singh, H., Singh, S. and Singh, D. 1992. 

Identification of CMS lines for hybrid rice development under northern Indian 

conditions. Int. Rice Res. Newsl., 17(6): 8. 

Panwar, L.L. 2005. Line × tester analysis of combining ability in rice (Oryza sativa L.). 

Indian J. Genet. and Plant Breed. 65(1): 51-52. 

Paroda, R. S. and Siddiq, E. A. 1996. Current status of hybrid rice research and 

development in India. In M. Rangaswamy, P. Rangaswamy, K. Thiyagarajan & 

A.S. Ponnuswamy,eds. Hybrid rice technology, 18-130 pp. 

Patil, D.V., Thiyagarajan, K., Pushpa, K. and Kumble, P. 2003. Combining ability for 

parents for yield and yield contributing traits in two line hybrid rice (Oryza sativa 

L.). Crop Res. Hisar, 25(3): 520-524. 

Patil, D.V., Thiyagarajan, K.and Puspha, K. 2003. Heterosis Exploration in two line 

hybrid rice (Oryza sativa L.). Crop Res., 25: 514-519. 

Patil, P.R., Surve,  V.H. and Mehta, H.D. 2012. Line X Tester Analysis in Rice (Oryza 

sativa L.). Madras Agric. J., 99 (4-6): 210-213. 

Peng, J.Y. and Virmani, S.S. 1990.  Combining ability for yield and four related traits in 

relation to breeding in rice. Oryza. 27: 1-10. 



Literature Cited ………… 

Perraju, P. and Sharma, N.P. 1999. Combining ability studies in rice. Oryza, 36(3): 

248-249. 

Petchiammal, K. I. and Kumar, C.R.A. 2007. Combining ability studies for yield and 

yield associated traits in rice (Oryza sativa L.) involving Assam rice cultivars. Int. 

J. Agric. Sci., 3(2): 234-236. 

Pfukrei, K., Kumar, A., Tyagi, W., Rai, M. and Pattanayak, A.2011.Genetic 

variability in yield and its components in upland rice grown in acid soils of North 

East India. J. Rice Res. 4 (1&2):4-7. 

Pillai, M.S. 1961. Hybrid vigour in rice. Rice Newsltt., 9(1): 15-17. 

Provan, J., Wolters, P., Caldwell, K. H. and Powell, W. 2004. High-resolution 

organellar genome analysis of Triticum and Aegilops sheds new light on cytoplasm 

evolution in wheat. Theor. Appl .Genet. 108:1182–1190. 

Punitha, D., Joel, A.J. Manomani, S.and Thiyagarajan, K. 2004. Combining ability 

for yield and its components. Advances in Plant Sci., 17(1): 345-348. 

Radhidevi, R.P., Nagarajan, P., Shanmugasundaram, P., Babu, R.C., Jayanthi, S., 

Selvisubramani, S. and Subramani, S. 2002. Combining ability analysis in three 

line and two line rice hybrids. Plant Archives, 2(1): 99-102. 

Rafalski, J.A., Vogel, J.M., Morgante, M., Powell, W., Andre, C. and Tingey, S.V. 1996. 

Generating and using DNA markers in plants. In: BIRREN, B.; LAI, E. 

(Ed.). Nonmammalian genome analysis: a practical guide. San Diego: Academic, 

pp.75-134.    

Rahimi, M., Rabiei B., Samizadeh, H., and Ghasemi, A. K. 2010. Combining ability 

and heterosis in rice (Oryza sativa L.) cultivars. J. Agr. Sci. Tech. 12: 223-231. 

Raju, C.D.,  Kumar, S., Raju C. S. and Srijan A. 2014. Combining ability Studies in 

the Selected Parents and Hybrids in Rice (Oryza sativa .L). Int. J. Pure App. 

Biosci. 2 (4): 271-279. 

Ramadan, E. A., Elmoghazy, A. M and El-Mowafi H. F. 2015. Molecular markers 

based genetic diversity analysis for drought tolerance in rice (oryza sativa, l.) 

using ssr markers. International Journal of Scientific Research in Agricultural 

Sciences, 2(Proceedings), pp. 137-146.   



Literature Cited ………… 

RamaKrishna, S., Mallikarjuna, S.B.P., Mishra , B., Virakthamath, B.C. and Illyas 

Ahmed, M. 2006. Characterization of thermosensitive genetic male sterile lines 

for temperature sensitivity, morphology and floral biology in rice (Oryza 

sativa L.). Asian Journal of Plant Sciences, 5: 421-428. 

Ramalingam, J., Nadarajan, J., Vanniaraja, C. and Rangasamy, P. 1994. Heterosis in 

rice hybrids. Indian J. Genet. 54(4): 371-375. 

Ramalingam, J., Nadarajan, N., Vannirajan, C. and Rangaswamy, P. 2000. Genetic 

analysis of economic characters in rice (Oryza sativa L.). Ind. J. Agric. Sci., 70(4): 

261-263. 

Ramalingam, J., Nadrajan, N. and Vanniarajan, C. 2001. Heterotic ability involving 

cytoplasmic male sterile lines in rice. Madras Agric. J. 87:140-141.  

Ramalingam, J., Vivekanandan, P. and Subramaniam, M. 1993. Combining ability in 

rice. Oryza. 30: 33-37. 

Rao, S.A., Khan, M.A., McNailly, T. and Khan, A.A. 1997. Cause and effect 

relationships of yield and yield components in rice (Oryza sativa L.). J. Genet. 

Breed, 15(1): 1-5. 

Rashid, M, Cheema, A.A., Ashraf, M. 2007. Line x Tester analysis in basmati rice. Pak 

J Bot 39(6):2035-2042. 

Ravneet S. Behla., Allah Rang and T.S. Bharaj. 2007. Floral and morphological traits 

of some A, B and R lines of rice. Crop improve, 34 (1): 24-26. 

Reddy, O.U.K., Siddiq, E.A., Ali, J., Hussain, A.J., Arti, P., Ahmed, M.I. and 

Sharma, N.P. 1998. Exploitation of heterosis using TGMS line in intra and 

intersubspecific hybridization. Int. Rice Res. Notes. 23(1): 10. 

Reddy, O.U.K., Siddqi, E.A., Sarma, N.P., ALI, J., Hussain, A.J., Nimmakayala, P,; 

Ramasamy, P., Pammy, S. and Reddy, A.S. 2000. Genetic analysis of 

temperature-sensitive male sterility in rice. Abstract,100:794-801. 

Rita, B., Sarawgi, A. K. and verulkar, S. B.2009. Study of heritability, genetic advance 

and variability for yield contributing characters in rice. Bangladesh J. Agril. Res. 

34(2):175-179. 



Literature Cited ………… 

Rogbell, J.E., Subbaraman, N. and Kartikeyan, C. 1998. Heterosis in rice (Oryza 

sativa L.) under saline stress condition. Crop Res. Hisar. 15(1): 68-72. 

Rong, Q.J. 1989. Newly released rice hybrids in China. Hybrid Rice Newsltt., 3(1): 3-4. 

Rongbai, L., Pandey, M.P. and Sharma, P. 2005. Inheritance of thermosensitive genic 

male sterility in rice (Oryza sativa L.). Curr. Sci., 88: 1809-1815. 

Rosamma, C.A. and Vijayakumar, N.K. 2005. Heterosis and combining ability in rice 

(Oryza sativa L.) hybrids developed for Kerala state. Ind. J. Genet., 65(2): 119-

120. 

Rousseau, G. M., Gaston, A., Aïnouche, A., Aïnouche, M. L., Olbricht, K., Staudt, G., 

Richard, L. and Denoyes-Rothan, B. 2009. Tracking the evolutionary history of 

polyploidy in Fragaria L. (strawberry): New insights from phylogenetic analyses of 

low-copy nuclear genes. Mol Phylogenet Evol 51:515–530. 

Roy, B. and Mandal, A.B. 2001. Combining ability of some quantitiative traits in rice. In 

: Kharkwal, M.C. and Mehra, R.B. (Eds.). Poster Abstracts of the Diamond 

Jubilee Symposium on “Hundred years of post mendelian genetics and plant 

breeding retrospect and prospects”, 6-9 Nov., New Delhi, Indian Society of 

Genetics and Plant Breeding, New Delhi, India, PS IX-31. 

Rutger, J.N. and Shinjyo, C. 1980. Male sterility in rice and its potential use in breeding. In 

: Innovative Approaches to Rice Breeding. IRRI, Manila, Philippines. pp. 53-56. 

Saidaiah, P., Kumar, S.S. and Ramesha, M.S. 2010. Combining ability studies for 

development of new hybrids in rice over environments. J. of Agri. Sci. 2(2): 225-233. 

Saidaiah, P., Ramesha, M.S. and Kumar, S.S. 2010. Line × tester analysis in rice 

(Oryza sativa L.). Journal of Crop Improvement. 37(1): 32-35. 

Sajib, A. M., Hossain, M., Mosnaz, A.T.M.J., Hossain, H., Islam, M., Ali, S. and 

Prodhan, S. H. 2012. SSR marker-based molecular characterization and genetic 

diversity analysis of aromatic landreces of rice (Oryza sativa L.). J. BioSci. 

Biotech., 1(2): 107-116.  

Saleem, M.Y., Mirza, J.I. and Haq, M.A. 2010. Combining ability analysis for yield 

and related traits in basmati rice (Oryza sativa L.). Pak J Bot 42(1):627-637. 



Literature Cited ………… 

Salgotra, R. K., Gupta, B. B. and Ahmed, M. I. 2012. Characterization of thermo-

sensitive genic male sterility (TGMS) rice genotypes (Oryza sativa L.) at different 

altitudes. AJCS 6(6):957-962. 

Sampath, S. and Mohanty, H.K. 1954. Cytology of semi sterile rice hybrids. Curr. Sci., 

23: 182-183. 

Sanchez, D. L. and Virmani, S. S. 2005. Identification of thermo-sensitive genic male 

sterile lines with low critical sterility point for hybrid rice breeding. Philippine J. 

Crop Sci. 30(1): 19-28. 

Sanghera, G.S. and Hussain, W. 2012. Heterosis and combining ability estimates using 

Line x Tester analysis to develop rice hybrids for temperate conditions. Nat Sci 

Biol, 4(3):131-142. 

Saran, H.S., Sahu, S.P. and Azam, M.Q. 1971. Sterility due to abnormal functioning of 

lemma and palea in IRS/189-1-3 rice. Indian J. Agri. Sci.41:515-519. 

Sarial, A.K. and Singh, V.P. 2001. Identification of restorers and maintainers for 

developing basmati and non-basmati hybrids in rice (Oryza sativai L.). In : 

Kharkwal, M.C. and Mehra, R.B. (Eds.). Poster Abstracts of the Diamond Jubilee 

Symposium on “Hundred years of post mendelian genetics and plant breeding 

retrospect and prospects”, 6-9 Nov., New Delhi, Indian Society of Genetics and 

Plant Breeding, New Delhi, India, PS V-8. 

Sarker, U., Biswas, P.S., Prasad, B. and Khaleque Mian, M.A. 2002. Heterosis and 

genetic analysis in rice hybrid. Pak. J. Bio. Sci., 5(1): 1-5. 

Satish, Y. and Seetharmaiah, K.V. 2005. Combining ability analysis for yield and its 

component characters in rice (Oryza sativa L.). Annals Biol., 21(2): 149-153. 

Saxena, N. 2000. Genetic analysis and exploitation of modern and modified plant types 

over environments in breeding rice. Unpubl. Ph.D. thesis G.B. Pant University of 

Agriculture and Technology, Pantnagar. 

Saxena, N. and Singh, J.P. 1998. Identifying rice genotypes with TGMS trait suitable 

for North India. Int. Rice Res. Notes. 23(2): 7. 



Literature Cited ………… 

Saxena, N., Pandey, M.P. and Shukla, S.K. 2002. Gene action and combining ability 

analysis for grain yield and physiological characters in inter and intrasubspecific 

crosses of rice. In : Abstracts  : 4
th

 International Symposium on Hybrid Rice, 

Hanoi, Vietnam, 14-17 May. pp. 107. 

Selvaraj, C.I., Nagarajan, P., Thiyagarajan, K., Bharathi, M. and Rabindra, R. 

2011. Studies on heterosis and combining ability of well known blast resistant rice 

genotypes with high yielding varieties of rice (Oryza sativa L.). Intern J Plant 

Breed Genet 5:111-129. 

Shah, G., Sasidharan, N., Chakraborty, S., Trivedi, R., Ravikiran, R. and Deepti 

Davla, D. 2010. Genetic diversity and molecular analysis for fertility restorer 

genes in Rice (Oryza sativa L.) for wild abortive (WA) cytoplasm using 

microsatellite markers. Journal of Agricultural Technology, 8(1): 261-271. 

Shah, G., Sasidharan, N., Chakraborty, S., Trivedi, R., Ravikiran, R. and Davla, D. 

2012. Genetic diversity and molecular analysis for fertility restorer genes in Rice 

(Oryza sativa L.) for wild abortive (WA) cytoplasm using microsatellite markers. 

J. of Agri. Tech. 2012 Vol. 8(1): 261-271. 

Shanthi, P. and Singh, J.S. 2002. Variability studies in induced mutants of Mahsuri rice 

(Oryza sativa L.). Madras Agric. J., 88: 10-12. 

Sharma, R. and Malik, J.P.S. 2008. Line × tester studies on two line hybrids in rice 

(Oryza sativa L.). Pantnagar J. Res. 6(2): 293-95. 

Sharma, R.K. 2006. Studies on gene action and combining ability for yield and its 

component traits in rice (Oryza sativa L.). Ind. J. Genet., 66(3): 227-228. 

Sharma, S.K., Pandey, M.P., Dwivedi, D.K. and Shukla, S.K. 2001. Combining 

ability, heterosis and inbreeding depression among elite bacterial blight resistant 

line in rice (Oryza sativa L.). In : Kharkwal, M.C. and Mehra, R..B. (Eds.). Poster 

Abstracts of the Diamond Jubilee Symposium on “Hundred years of post 

mendelian genetics and plant breeding retrospect and prospects”, 6-9 Nov., New 

Delhi, Indian Society of Genetics and Plant Breeding, New Delhi, India, PS V-14. 

Shi, M. S. 1985. Discovery of and preliminary studies on a photosensitive recessively male 

sterile rice. Sci. Agric. Sin. 18 (2):44-48. 



Literature Cited ………… 

Shi, M.S. 1981. Preliminary report of breeding and utilization of late japonica natural 

double purpose line. J. Hubei Agric. 7: 1-3. 

Shinjyo, C. and Omura, T. 1966. Cytoplasmic genetic male sterility in cultivated rice. 

Oryza sativa L. I. Fertility of F1, F2 and offspring obtained from their mutual, 

reciprocal backcrosses and segregation of completely male sterile plants. Jpn. J. 

Breed. 16(Sup. I): 179-180. 

Shull, G.H. 1914. Duplicate gene for capsule form in Bursa-busra-pastoris. Zeitschr. 

Induct. Abstramm-U. Vererbungsl. 12: 97-149. 

Singh, A.K., Singh, S.B. and Payasi, S.K. 1998. Combining ability for grain yield and its 

contributing characters in rice (Oryza sativa L.). Annals. Agric. Res., 19(3): 254-259. 

Singh, D., Kumar, A., Sirohi, A., Purohit, D.R., Dhaliwal, H.S., Kumar, V. and 

Chand, S. 2009. Inter-SSR and SSR based molecular profiling of basmati and 

non-basmati indica rice. Prog. Agri. 9(2): 192-202. 

Singh, J. and Rang, A.1999. Evaluation of floral traits and morphological traits in 

parental lines of hybrid rice. Crop improve. 26: 163-168. 

Singh, P. and Narayanan, S.S. 2004. Biometrical Techniques in Plant Breeding. Kalyani 

Pub. New Delhi, India. 

Singh, S.K., Singh, C.M. and Lal, G. M.2011. Assessment of genetic variability for 

yield and its component characters in rice (Oryza sativa L.). Research in Plant 

Biology.1(4):73-76. 

Singh, V. K., Upadhyay, P., Sinha, P., Mall, A. K., Jaiswal, S. K., Singh, A., Ellur, R. K., 

Biradar, S., Sundaram, R. M., Singh, S., Ahmed, I., Mishra, B., Singh, A. K. and 

Kole, C. 2011. Determination of genetic relationships among elite thermosensitive 

genic male sterile lines (TGMS) of rice (Oryza sativa L.) employing morphological 

and simple sequence repeat (SSR) markers. J. Genet. 90:11–19. 

Singh, V. K., Upadhyay, P., Sinha, P., Mall, A. K., Jaiswal, S. K., Singh, A., Ellur, R. 

K., Biradar, S., Sundaram, R. M., Ahmed, I., Mishra, B., Singh, A. K.,  

Viraktamath, B. C., Singh, S. and Kole, C. 2011. Prediction of hybrid 

performance based on the genetic distance of parental lines in two-line rice (Oryza 

sativa L.) hybrids. J. Crop Scie. Biotech. 14(1): 1-10. 

http://link.springer.com/search?facet-author=%22B.+C.+Viraktamath%22


Literature Cited ………… 

Siwach, P., Jain, S., Saini, N., Chowdhury, V. K. and Jain, R. K. 2004. Allelic diversity 

among basmati and non-Basmati long-grain Indica rice varieties using microsatellite 

markers. J. Plant Biochemistry & Biotechnology, 13: 25-32. 

Sprague, G.F. and Tatum, L.A. 1942. General vs. and specific combination ability in 

single crosses of corn. J. Am. Sco. Agron. 34: 923-932. 

Subudhi, P.K., Borkakati, R.P., Virmani, S.S. and Huang, N. 1997. Molecular 

mapping of a TGMS gene in rice using bulk segregant analysis. Genome, 40(2): 

188-194. 

Sun, Z.X., Xiong, Z.M., Min, S.K. and Si, H.M. 1989. Identification of the temperature 

sensitive male sterile rice. Chinese J. Rice Sci. 3(2): 49-55. 

Sunnucks, P., Wilson, A. C., Beheregaray, L. B., Zenger, K., French, J. and Taylor, 

A.C. 2000. SSCP is not so difficult: the application and utility of single-stranded 

conformation polymorphism in evolutionary biology and molecular ecology. Mol 

Ecol 9:1699–1710. 

Suresh, S., Paramasivan, K.S. and Muppidathi, N. 2000. Study of heterosis for yield 

components rice. Madras Agri. J. 86:520-522. 

Sutaryo, B. 1998. Evaluation of heterosis and combining ability of five restorer and five 

cytoplasmic male sterile lines in rice. J. Penel. Pertan. 17(1): 45-53. 

Swamy, M.H., Rao, M.R.G. and Vidhachandra, B. 2003. Studies on combining ability 

in rice hybrids involving new CMS lines. Karnataka J. Agric. Sci., 16(2): 228-230. 

Swati, P.G. and Ramesh, B.R. 2004. The nature and divergence in relation to yield traits 

in rice germplasm. Annals. Agric. Res., 25(4): 598-602. 

Tan, Z.C., Li, Y.Y., Chen, L.B. and Zhou, G.Q. 1990. Studies on ecological 

adaptability of dual-purpose line, Annong S1. Hybrid Rice. 3: 35-58. 

Temnykh, S., Park,  W. D.,  Ayres,  N.   Cartinhour, S., Hauck, N., Lipovich, L., Cho, 

Y.G., Ishi, T. and McCouch, S.R. 2000. Mapping and genome organization of 

microsatellite sequences in rice (Oryza sativa L.). Theor. Appl. Genet. 100:697–712. 

Thakare, I. S., Patel, A. L. and Mehta, A. M. 2013. Line × tester analysis using cms 

system in rice (Oryza sativa L.). The bioscan, 8(4): 1379-1381. 



Literature Cited ………… 

Thirumeni, S., Subramanian, M. and Paramasivam, K. 2000. Combining ability and 

gene action in rice. Trop. Agric. Res., 12: 375-385. 

Thiyagarajan, K., Manonmani, S., Malarvizhi, D., Robin, S., Pushpam, R. and 

Mohana Sundaram K. 2010. Development of new TGMS lines with good floral 

traits in rice. Electronic Journal of Plant Breeding,1(4):568-571. 

Thomson, M.J., Septiningsih, E. M., Suwardjo, F., Santoso, T. J., Silitonga, T. S. and 

McCouch, S. R. 2007. Genetic diversity analysis of traditional and improved Indonesian 

rice (Oryza sativa L.) germplasm using microsatellite markers. Theor Appl Genet 

114:559–568. 

Tiwari, D.K.,  Pandey, P., Giri, S.P. and Dwivedi, J.L. 2011. Heterosis Studies for Yield and 

its Components in Rice Hybrids using CMS system. Asian J. of Plant Sci., 10: 29-42. 

Toshimenla and Changkija, S.2013. Genetic variability in yields and its component 

characters in upland rice of Nagaland. Ind. J. of Hill Farming. 26(2):84-87. 

Ukaoma, A., Augustina, Okocha, P., Iwunor, Okechukwu, R. and Ijeoma.2013. 

Heritability and character correlation among some rice genotypes for yield and 

yield components. J. Plant Breed. Genet.1 (2):73-84. 

Vaithiyalingan, M. and Nadarajan, N. 2005. Combining ability studies in inter racial 

crosses of rice (Oryza sativa L.). Res. Crops, 6(2): 281-286. 

Vanaja, T. Babu, L.C., Radhakrishnan, V.V. and Pushkaran, K. 2003. Combining 

ability analysis for yield and yield components in rice varieties of diverse origin. 

J. Trop. Agric., 41(1/2): 7-15. 

Vanaja, T., Babu, L.C. and Radhakrishnan, V.V. 2003. Vytilla 3-A new cytoplasmic 

male sterile source of tropical rice (Oryza sativa L.). Indian J. Genet. and Plant 

Breed. 63(1): 30-32. 

Veni, B.K. and Rani, N.S. 2003. Heterosis and combining ability for yield and yield 

components in rice. J. Res. Angrau, 31(3): 44-51. 

Vijayakumar, C.H.M., Ahmed, M.I., Ramesha, M.S., Viraktamath, B.C. and Singh, 

S. 2002. Identifying restorers, maintainers and wide compatibility genotypes 

among improved tropical japonica lines. In : Abstract : 4
th

 International 

Symposium on Hybrid Rice, Hanoi, Vietnam, 14-17 May. pp. 89. 

http://journaldatabase.info/database/search.html?search_type=Author&search_inp=K.%20Thiyagarajan,%20S.%20Manonmani,%20D.%20Malarvizhi,%20S.%20Robin,%20R.%20Pushpam%20and%20K.%20Mohana%20Sundaram
http://journaldatabase.info/database/search.html?search_type=Author&search_inp=K.%20Thiyagarajan,%20S.%20Manonmani,%20D.%20Malarvizhi,%20S.%20Robin,%20R.%20Pushpam%20and%20K.%20Mohana%20Sundaram
http://journaldatabase.info/articles/development_new_tgms_lines_with_good.html
http://journaldatabase.info/articles/development_new_tgms_lines_with_good.html
http://journaldatabase.info/articles/development_new_tgms_lines_with_good.html
http://journaldatabase.info/journal/issn0975-928X


Literature Cited ………… 

Viraktamath, B. C. 2010. Hybrid Rice in India. Current Status and Future Prospects, 

Hyderabad: Directorate of Rice Research. 

Viraktamath, B. C. and Virmani, S. S. 2001. Expression of thermosensitive genic male 

sterility in rice under varying temperature situations. Euphytica. 122:137–143. 

Virmani, S. S. and Edwards, I. B. 1983. Current status and future prospects for breeding 

hybrid rice and wheat. Advances in Agronomy. 35:45-214. 

Virmani, S.S. 1987. Hybrid Rice Breeding. In : Feistrifzer, W.P. and Kelley, A.T. (Eds.). 

Hybrid seed production of selected cereal oil and vegetative crops. FAO Plant 

Prod., 82: 35-53. 

Virmani, S.S. 1994. Prospects of hybrid rice in the tropics and subtropics. In : Virmani, 

S.S. (Ed.), Hybrid Rice Technology: New Developments and Future Prospects. 

Int. Rice Res. Inst., Philippines. pp. 7-19. 

Virmani, S.S. and Sharma H.L. 1993. Manual for hybrid rice seed production. 

International Rice Research Institute, Los Banos, Philippines. 57pp. 

Virmani, S.S., Chaudhary, R.C. and Khush, G.S. 1981. Current outlook on hybrid rice. 

Oryza. 18: 67-84. 

Vivekanandan, P. and Giridharan, S. 1997. Combining ability for grain traits in rice. 

Madras Agricultural J. 84(3): 129-132. 

Wang, Q.Y., Zhu, L.H., Gai, J.Y. and Wang, J.K. 2004. Analysis of the major gene 

and multigene mixed inheritance of wide compatibility gene in rice. Yichuan, 

26(6): 898-902. 

Wang, Y. G.,  Xing, Q. H.,  Deng, Q. Y., Liang, F. S.,  Yuan, L. P., Weng.,  M. L. and 

Wang, B. 2003. Fine mapping of the rice thermo-sensitive genic male-sterile gene 

tms5. Theor. Appl. Genet. 107:917–921. 

Wang, Z.M., Yin, H.Q. and Yin, H. 1990. Breeding new wide compatibility lines 

(WCL) of japonica rice. Hybrid Rice. 6: 32-36. 

Watanesk, O. 1983. Heterosis and combining ability evaluation of CMS lines and 

restorer (R). IRRN. 18(3): 5-6. 

Weber, J.L. and May, P.E. 1989. Abundant class of human DNA polymorphisms which can 

be typed using the polymerase chain reaction. Ameri J.Human Genet.,44:388-396. 



Literature Cited ………… 

Weeraratne, H. 1954. Hybridization technique in rice. Trop. Agric. 110: 93-97. 

Wen, W., Mei, H., Feng, F., Yu, S., Huang, Z., Wu, J., Chen, L., Xu, X. and Luo, L. 

2009. Population structure and association mapping on chromosome 7 using a 

diverse panel of Chinese germplasm of rice (Oryza sativa L.). Theor Appl Genet 

119:459–470. 

Wu, X.T. and Yin, H.Q. 1992. Genetics and stability of thermosensitive genic male 

sterile rice. Chinese J. Rice. Sci. 6(2): 63-69. 

 Xin, X. Y.,   Wang, W. X.,   Yang, J. S. and  Luo X. J. 2011. Genetic analysis of 

heterotic loci detected in a cross between indica andjaponica rice (Oryza 

sativa L.). Breed Sci. 61(4): 380–388. 

Yang, C.M., Cai, X.G., Wu, M.L., Liu, Y.S., Cai, J. and Dong, S.B. 2004. Breeding 

and application of rice wide compatibility restorer (WCR) line DO 69. Hybrid 

Rice, 19(2): 15-16. 

Yang, J.B. 1992. Heterosis in intersubspecific combinations rice. Paper presented in 

International Rice Research Conference, 21-25 April, 1992. IRRI, Los Banos, 

Philippines.  

Yograj, Pandey, M.P., Dwivedi, D.K. and Shukla, S.K. 2001. Combining ability 

analysis of WA-based CMS and restorer lines for certain quantitative traits in rice 

(Oryza sativa L.). In : Kharkwal, M.C. and Mehra, R.B. (Eds.). Poster Abstracts 

of the Diamond Jubilee Symposium on “Hundred years of post mendelian 

genetics and plant breeding retrospect and prospects”, 6-9 Nov., New Delhi, 

Indian Society of Genetics and Plant Breeding, New Delhi, India, PS IX-29.   

Yu, S.B., Xu, W.J., Vijayakumar, C.H., Ali, J., Fu, B.Y., Xu, J.L., Jiang, Y.Z., 

Marghirang, R., Domingo, J., Aquino, C., Virmani, S. S. and Li, Z.K. 2003. 

Molecular diversity and multilocus organization of the parental lines used in the 

International Rice Molecular Breeding Program. Theor Appl Genet.108:131–140. 

Yuan,  L.P. 1966. Preliminary report on the male sterility in rice. Bullet., 4: 32-34. 

Yuan, L. P.1998. Hybrid rice development and use: innovative approach and challenges. 

International Rice Commission Newsletter. 47:7-15. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Xin%20XY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20WX%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20JS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20XJ%5Bauth%5D


Literature Cited ………… 

Yuan, L.P. 1992. Increasing yield potential in rice by exploitation of heterosis. Paper 

presented at the 2
nd

 Int. Symp. on Hybrid Rice, IRRI, Manila, Philippines. April 

21-25. 

Yuan, L.P. and Virmani, S.S. 1988. Status of hybrid rice research and development. In: 

Hybrid Rice, International Rice Research Institute, Manila, Philippines, pp 7-24. 

Yuan, S.C., Zhang, Z.G., He, H.H., Zen, H.L., Lu, K.Y. and Wang, B.X. 1993. Two 

photoperiod reactions in photoperiod sensitive genic male sterile rice. Crop Sci. 

33(4): 651-660. 

Zeng, H.L., Huang, N.R., Liu, H.X., Wang, Y.R., Li, M.R., Li, P. and Zeng, S.X. 

1997. Genetic relationship between developmental photoperiod sensitivity and 

male sterile photothermal sensitivity of photo- and thermo-sensitive genic male 

sterile rices. J. Trop. and Subtrop. Bot. 5(3): 34-39. 

Zhang, P., Li, J., Li, X., Liu, X., Zhao, X. et al., 2011. Population Structure and Genetic 

Diversity in a Rice Core Collection (Oryza sativa L.) Investigated with SSR 

Markers. PLoS One 6:e27565. 

Zhang, S., Huang, N.R., Lin, O.X., Liu, Y.Z., Kong, Q.N., Liu, H.X., Wang, Y.R., Li, 

M.R., Li, P. and Zeng, S.X. 1996. Preliminary study on multiplication of 

pedigree seeds for TGMS lines of rice at low critical temperature in greenhouse in 

winter. J. Trop. Substrop. Bot. 4(3): 50-55. 

Zhang, Y.D., Zhu, Z., Zhao, L., Zong, S.Y. and Wang, C.L. 2004. Analysis of 

combining ability of main agronomic characters in two-line hybrid rice (Oryza 

sativa L. subsp. indica). Jiangsu J. Agric. Sci. 20(4): 207-212. 

Zhang, Z.G., Zeng, H.L., Yang, Y., Yuang, J.C. and Zhang, O.P. 1994. Conditions 

inducing fertility alternation and ecological adaptation of photoperiod sensitive 

genic male sterile rice. Field Crop Res. 78(2): 111-120. 

Zhu, X.D., Zhao, J., Yan, Q.Q., Zhou, Q.M., Peng, L.J., Xiao, M., Zen, X.D. and 

Peng G.D. 2009. Study on combining ability of yield and related traits of hybrid 

rice with different types of cytoplasm. Journal of Hunan Agricultural Unversity. 

35 (4): 352-356. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AAppppeennddiicceess  



Appendices ………….. 

APPENDICES 
 

Appendix-I 

Table-1: Mean table for different traits in F1 

S.No. Character Days to 50% 

Flowering 

Plant 

Height 

Panicle 

Number Per 

Plant 

Panicle 

Length 

Spikelets 

Number Per 

Panicle 

Grain 

Number 

Per Panicle 

Percent 

Spikeletes 

Fertility 

1000 

Grain 

Weight 

harvest 

Index 

Grain 

Yield Per 

Plant 

1.  TGMS-1*Pant Basmati-1 102.33 112.40 12.20 26.64 164.40 130.60 79.44 22.60 42.85 33.60 

2.  TGMS-1*Pant Dhan-4 106.33 111.58 15.20 27.36 262.40 186.00 70.88 26.22 37.39 36.80 

3.  TGMS-1*Pant Dhan-12 99.67 111.52 11.20 26.12 212.60 185.60 87.30 25.82 55.21 36.00 

4.  TGMS-1*UPRI-93-287-R 114.00 112.48 11.20 28.20 197.00 192.40 97.66 26.36 48.18 37.20 

5.  TGMS-2* Pant Basmati-1 101.33 113.42 10.00 29.00 194.80 174.60 89.63 21.64 49.76 41.60 

6.  TGMS-2*Pant Dhan-4 96.33 111.10 8.60 28.80 237.00 198.40 83.71 25.72 51.46 35.20 

7.  TGMS-2*Pant Dhan-12 91.67 110.02 10.00 27.22 169.80 146.40 86.21 25.28 50.82 36.80 

8.  TGMS-2*UPRI-93-287-R 99.33 108.12 9.80 26.76 184.40 176.20 95.55 26.12 55.21 36.00 

9.  TGMS-3* Pant Basmati-1 101.33 113.36 9.20 30.60 224.80 187.00 83.18 25.78 53.29 38.80 

10.  TGMS-3*Pant Dhan-4 94.00 106.98 12.00 28.02 229.40 211.40 92.15 27.72 59.02 41.20 

11.  TGMS-3*Pant Dhan-12 98.67 111.04 13.80 26.08 211.40 184.00 87.03 22.74 56.35 40.80 

12.  TGMS-3*UPRI-93-287-R 103.00 105.18 9.60 25.56 172.40 158.40 91.87 24.00 49.68 31.20 

13.  TGMS-4* Pant Basmati-1 117.33 114.96 13.60 29.54 192.60 174.40 90.55 21.32 53.88 45.80 

14.  TGMS-4*Pant Dhan-4 120.00 100.42 21.40 28.02 203.40 182.80 89.87 30.58 43.13 44.00 

15.  TGMS-4*Pant Dhan-12 103.67 107.34 17.20 29.30 176.00 159.00 90.34 27.70 46.26 39.60 

16.  TGMS-4*UPRI-93-287-R 100.67 111.04 12.60 26.90 184.20 145.60 79.04 23.04 43.55 50.00 

17.  TGMS-5* Pant Basmati-1 105.33 115.64 12.00 30.04 180.60 170.00 94.13 23.92 50.88 40.20 

18.  TGMS-5*Pant Dhan-4 112.00 111.98 16.00 28.62 202.00 173.40 85.84 26.74 47.61 52.00 

19.  TGMS-5*Pant Dhan-12 103.00 112.66 14.00 28.72 161.80 130.40 80.59 27.68 51.42 36.00 

20.  TGMS-5*UPRI-93-287-R 105.67 112.16 12.60 28.24 168.60 153.20 90.86 24.12 50.00 48.80 
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21.  TGMS-6* Pant Basmati-1 101.33 114.12 9.80 30.32 179.40 162.00 90.30 23.78 48.38 45.00 

22.  TGMS-6*Pant Dhan-4 103.33 108.18 10.00 28.58 232.00 204.80 88.27 25.40 59.21 60.40 

23.  TGMS-6*Pant Dhan-12 99.00 107.34 14.20 26.20 157.00 139.20 88.66 26.28 53.64 50.00 

24.  TGMS-6*UPRI-93-287-R 110.00 108.82 11.60 26.50 234.80 204.60 87.13 23.00 44.19 39.60 

25.  TGMS-7* Pant Basmati-1 108.67 116.14 10.80 30.92 196.00 179.00 91.32 20.58 51.45 49.60 

26.  TGMS-7*Pant Dhan-4 98.33 103.42 10.40 28.84 217.40 197.60 90.89 25.80 58.79 54.80 

27.  TGMS-7*Pant Dhan-12 102.67 104.64 11.40 26.98 169.40 153.80 90.79 22.94 43.47 40.00 

28.  TGMS-7*UPRI-93-287-R 100.00 107.04 17.40 26.90 164.20 137.60 83.80 23.84 50.34 57.60 

29.  TGMS-8* Pant Basmati-1 98.00 118.20 12.00 29.12 168.20 156.00 92.74 24.00 55.39 45.20 

30.  TGMS-8*Pant Dhan-4 98.33 108.20 14.80 26.44 208.00 168.40 80.96 24.30 46.40 46.40 

31.  TGMS-8*Pant Dhan-12 108.33 107.88 10.60 26.50 159.20 150.20 94.34 26.00 53.99 46.00 

32.  TGMS-8*UPRI-93-287-R 92.67 114.24 13.60 25.48 166.40 158.40 95.19 25.06 48.86 43.20 

33.  TGMS-9* Pant Basmati-1 102.00 122.36 12.00 30.94 230.60 210.80 91.41 24.64 55.07 71.60 

34.  TGMS-9*Pant Dhan-4 98.00 104.20 11.20 26.56 257.60 218.80 84.93 26.72 45.26 43.00 

35.  TGMS-9*Pant Dhan-12 96.33 112.72 11.00 28.58 195.00 171.40 87.89 24.36 50.12 39.60 

36.  TGMS-9*UPRI-93-287-R 90.00 106.58 9.80 27.20 181.60 166.60 91.74 24.98 48.54 46.80 

37.  TGMS-10* Pant Basmati-1 100.67 114.64 10.60 30.04 184.00 172.80 93.91 22.14 59.11 53.20 

38.  TGMS-10*Pant Dhan-4 99.67 107.24 11.80 29.88 270.00 243.20 90.07 25.16 63.22 56.40 

39.  TGMS-10*Pant Dhan-12 98.67 103.30 13.20 27.56 151.00 137.20 90.86 24.64 61.22 48.00 

40.  TGMS-10*UPRI-93-287-R 96.00 103.54 11.80 27.38 171.00 165.20 96.60 25.62 53.08 51.60 

41.  TGMS-11* Pant Basmati-1 106.67 130.24 10.80 31.44 209.00 179.60 85.93 22.26 51.66 49.60 

42.  TGMS-11*Pant Dhan-4 115.00 102.96 10.80 28.30 259.60 219.20 84.43 26.88 47.22 46.00 

43.  TGMS-11*Pant Dhan-12 99.00 101.34 11.80 28.88 191.00 159.40 83.45 22.38 40.91 41.00 

44.  TGMS-11*UPRI-93-287-R 100.33 113.82 14.00 29.12 176.40 162.80 92.29 24.04 54.60 61.60 

45.  TGMS-12* Pant Basmati-1 102.00 122.18 11.00 32.40 201.40 162.40 80.63 23.14 49.41 50.40 

46.  TGMS-12*Pant Dhan-4 102.00 102.24 12.00 28.34 255.60 208.80 81.69 27.20 50.39 51.20 

47.  TGMS-12*Pant Dhan-12 99.33 102.30 11.60 28.06 195.40 167.80 85.87 23.56 44.44 44.00 

48.  TGMS-12*UPRI-93-287-R 89.67 111.06 12.00 28.98 190.60 164.00 86.04 26.12 51.11 55.20 

49.  TGMS-13* Pant Basmati-1 90.33 115.62 11.00 29.76 188.00 148.00 78.72 21.90 64.07 51.00 

50.  TGMS-13*Pant Dhan-4 92.00 109.08 9.20 28.82 256.60 218.40 85.11 23.84 60.00 45.60 

51.  TGMS-13*Pant Dhan-12 94.00 104.36 12.80 26.88 173.60 158.60 91.35 24.86 57.66 57.20 

52.  TGMS-13*UPRI-93-287-R 93.33 110.70 12.20 28.16 201.20 172.40 85.68 24.52 53.70 52.20 
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53.  TGMS-14* Pant Basmati-1 104.67 119.16 9.60 31.76 168.60 148.20 87.90 25.46 50.00 42.80 

54.  TGMS-14*Pant Dhan-4 100.00 106.10 15.40 29.50 208.80 195.40 93.58 26.04 59.88 82.40 

55.  TGMS-14*Pant Dhan-12 86.67 100.16 11.00 29.22 156.80 129.20 82.39 25.88 53.42 46.80 

56.  TGMS-14*UPRI-93-287-R 96.67 103.48 13.00 29.86 146.00 135.20 92.60 27.46 54.78 66.40 

57.  TGMS-15* Pant Basmati-1 108.00 132.04 14.20 31.14 243.20 193.60 79.60 26.26 32.20 38.00 

58.  TGMS-15*Pant Dhan-4 103.67 116.52 11.40 31.02 215.40 180.00 83.56 29.34 54.25 53.60 

59.  TGMS-15*Pant Dhan-12 103.67 109.98 12.20 29.30 202.20 168.80 83.48 21.24 51.47 42.00 

60.  TGMS-15*UPRI-93-287-R 98.00 112.14 11.40 27.04 238.60 201.60 84.49 23.52 45.36 45.00 

61.  TGMS-16* Pant Basmati-1 81.67 108.84 12.60 28.42 157.00 133.80 85.22 23.80 68.08 64.00 

62.  TGMS-16*Pant Dhan-4 88.67 116.02 13.80 27.70 158.00 139.40 88.22 26.24 54.41 46.80 

63.  TGMS-16*Pant Dhan-12 93.67 110.28 13.00 28.98 192.80 164.20 85.16 24.56 49.79 49.60 

64.  TGMS-16*UPRI-93-287-R 99.67 114.34 13.60 27.34 190.00 181.40 95.47 26.40 54.04 74.80 

65.  TGMS-17* Pant Basmati-1 102.33 121.46 9.60 31.18 290.00 235.40 81.17 24.80 54.22 61.60 

66.  TGMS-17*Pant Dhan-4 101.00 108.68 8.60 29.70 284.40 212.20 74.61 26.86 54.98 55.20 

67.  TGMS-17*Pant Dhan-12 88.67 109.04 12.60 29.26 214.80 187.00 87.05 24.25 57.61 56.00 

68.  TGMS-17*UPRI-93-287-R 97.00 112.90 14.00 28.48 208.40 179.40 86.06 22.78 54.70 74.40 

69.  TGMS-18* Pant Basmati-1 91.67 118.22 13.40 29.76 211.60 182.20 86.10 25.86 50.00 50.40 

70.  TGMS-18*Pant Dhan-4 103.00 114.60 10.00 29.48 275.20 203.80 74.05 29.94 62.39 58.40 

71.  TGMS-18*Pant Dhan-12 99.67 108.84 10.80 26.50 225.40 178.40 79.14 24.02 52.07 65.20 

72.  TGMS-18*UPRI-93-287-R 99.33 109.04 10.20 27.36 204.80 190.00 92.77 25.22 51.19 60.00 

 Mean 100.12 110.89 12.08 28.51 201.57 174.69 87.10 24.93 51.88 49.00 

 C.V. 2.02 2.61 2.50 2.56 2.64 2.69 2.55 2.66 2.69 2.79 

 F ratio 35.56 13.58 159.20 14.27 125.82 91.48 18.80 26.92 58.08 175.06 

 F Prob. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 S.E. 1.17 1.67 0.17 0.42 3.07 2.71 1.28 0.38 0.81 0.79 

 C.D. 5% 3.26 4.68 0.49 1.18 8.59 7.58 3.58 1.07 2.26 2.20 

 C.D. 1% 4.30 6.18 0.64 1.55 11.35 10.02 4.73 1.41 2.98 2.91 

 Range Lowest 81.67 100.16 8.60 25.48 146.00 129.20 70.88 20.58 32.20 31.20 

 Range Highest 120.00 132.04 21.40 32.40 290.00 243.20 97.66 30.58 68.08 82.40 
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Appendix-II (a) 

Table -2: Mean weekly temperature (
0
C), 2013 

Month Week Number Period & Date Temperature (
0
C) 

Maximum Minimum Mean 

April, 2013 1 1-7 33.10 14.95 24.02 

2 8-14 36.84 17.70 27.32 

3 15-21 33.31 20.42 26.87 

4 22-28 34.05 19.25 26.65 

5 29-5 38.65 18.80 28.72 

May, 2013 6 6-12 39.62 20.05 29.84 

7 13-19 37.50 22.55 29.95 

8 20-26 38.77 28.87 33.90 

9 27-2 38.54 26.01 32.27 

June, 2013 10 3-9 34.78 27.02 30.90 

11 10-16 33.78 25.75 29.77 

12 17-23 33.10 25.35 29.23 

13 24-30 30.98 25.12 28.02 

July, 2013 14 1-7 32.87 25.50 29.18 

15 8-14 32.27 26.00 29.13 

16 15-21 31.05 25.74 28.40 

17 22-28 32.20 25.98 29.09 

18 29-4 32.64 26.14 29.39 

August, 2013 19 5-11 32.55 25.24 28.87 

20 12-18 31.57 24.74 28.15 

21 19-25 33.44 25.87 29.65 

22 26-2 32.40 25.25 28.82 

September,2013 23 3-9 32.08 23.35 27.69 

24 10-16 33.52 23.88 28.70 

25 17-23 32.87 24.28 27.82 

26 24-30 31.11 25.38 28.25 

October, 2013 27 1-7 30.50 23.17 26.83 

28 8-14 31.14 22.00 26.57 

29 15-21 30.32 19.28 24.91 

30 22-28 29.91 16.25 23.46 
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Appendix-II (b) 

Table -3: Mean weekly temperature (
0
C), 2014 

Month Week Number Period & Date Temperature (
0
C) 

Maximum Minimum Mean 

April, 2014 1 1-7 31.82 14.75 23.32 

2 8-14 33.42 15.14 24.28 

3 15-21 32.35 15.81 24.08 

4 22-28 36.84 17.20 26.95 

5 29-5 37.91 19.75 28.83 

May, 2014 6 6-12 36.54 21.12 28.83 

7 13-19 36.14 20.35 28.25 

8 20-26 39.00 22.28 30.64 

9 27-2 37.22 25.42 31.32 

June, 2014 10 3-9 40.52 26.21 33.37 

11 10-16 39.04 25.65 32.34 

12 17-23 34.82 26.24 30.55 

13 24-30 37.41 26.72 32.07 

July, 2014 14 1-7 32.72 25.17 28.97 

15 8-14 33.10 26.72 29.91 

16 15-21 30.10 25.51 27.80 

17 22-28 33.24 26.40 29.82 

18 29-4 33.71 25.85 29.78 

August, 2014 19 5-11 32.81 26.25 29.52 

20 12-18 32.22 25.50 28.86 

21 19-25 34.05 26.02 30.04 

22 26-2 34.15 25.71 29.93 

September,2014 23 3-9 33.04 25.24 29.14 

24 10-16 32.25 23.75 28.00 

25 17-23 33..10 23.41 28.25 

26 24-30 32.60 21.58 27.12 

October, 2014 27 1-7 31.95 23.67 27.60 

28 8-14 32.90 18.11 25.50 

29 15-21 28.52 16.01 22.27 

30 22-28 29.72 16.77 23.27 
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Appendix-III (a) 

Reagents for Genomic DNA isolation and PCR amplification 

I. Reagents for Genomic DNA isolation 

Requirements: 

Tris base, EDTA-Na2, NaCl, Potassium Acetate, Glacial acetic acid, isoproponol, 

chloroform, isoamyl alcohol, and Absolute alcohol. 

Preparation of solutions: 

STOCKS SOLUTIONS: 

1. 1M Tris-Cl buffer (pH 8.0), 100 ml 

12.114 g Tris-base was dissolved in 80 ml ddw. The pH was adjusted to 8.0 by 6 N HCl. 

The volume was made upto 100 ml with ddw. Autoclaved and stored at 4ºC. 

2. 0.5 M EDTA (pH 8.0), 50 ml 

9.3 g EDTA-Na2 was dissolved in 30 ml of ddw (10N NaOH was added to make the pH 

8.0). The final vol. was made upto to 50 ml, Autoclaved and stored at 4ºC. 

3. 10N NaOH, 50 ml 

20 g of NaOH was dissolved in 30 ml of autoclaved ddw. The volume was made upto 50 

ml. Stored in a plastic bottle at RT. 

4. 5 M NaCl, 50 ml 

14.6 g NaCl was dissolved in 30 ml of ddw. The final vol. was made upto 50 ml. 

Autoclaved and stored at RT. 

WORKING SOLUTIONS 

1. DNA extraction buffer     25 ml 

2% (w/v) CTAB                              :       0.5 g 

100 mM Tris-Cl                                  :        2.5 ml (1M stock) 

1.4 M NaCl                                        :       2.0475 g 

20 mM EDTA                                    :       1 ml (0.5 M stock) 

0.2 % beta mercaptoethanol             : 50 µl 

The final vol. was made upto to 25 ml with ddw. 

2.    5 M potassium Acetate (pH 5.4)    50 ml 
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24.8 g potassium acetate was dissolved in 30 ml of ddw. The pH was adjusted to 5.4 

with glacial acetic acid. The final volume was made up to 50 ml with ddw. Autoclaved 

and stored at RT. 

3.  Isopropanol  : Kept at -20ºC. 

4.  Chloroform: isoamyl alcohol        : 24:1, 25 ml 

5.  70% ethanol :    10 ml 

6.  TE Buffer (pH 8.0)     25 ml 

10 mM Tris-Cl                                 :        250 µl (1M stock) 

1mM EDTA                                       :      50 µl (0.5 M stock)  

Volume was made up by adding ddw to 25 ml. Autoclaved and stored at RT. 

II. PCR Ingredients 

(i) Design and Synthesis of the primers 

The most essential requirement of PCR is the availability of short oligonucleotides 

called primers having sequence complementary to either ends of the target DNA 

segment called tamplate DNA to be synthesized. The primers used in the study are 

synthesized from Eurofins, Banglore 

(ii) Taq DNA polymerase 

Taq DNA polymerase is a thermostable enzyme that replicates DNA at 72-74
0
C 

and remains functional even after incubation at 95
0
C. The enzyme has 5’-3’ 

polymerase and 3’-5’ exonuclease activity. The concentration of the enzyme was 

3units per µl (3U/ µl).  

(iii) dNTPs 

The dNTPs used in this reaction were obtained from Genei Pvt. Ltd. Banglore as 

10mM each (dATP, dGTP, dCTP, dTTP). 

(iv) Assay Buffer (10X) 

Assay buffer (10X) contained 10 mM Tris-Cl (pH 9.0), 15 mM MgCl2, 50 mM 

KCl and 0.01% gelatin. 
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III. Running buffer, Dye and Reagents 

Running Buffer  

0.5 X TBE buffer 

Dye 

98% formamide, 10mM EDTA, 0.023mg Bromophenol Blue, 0.023mg Xylene 

Cynol 

Reagents used and preparation 

1. Electrophoresis buffer (5X)                                   100ml 

              Tris base (0.045M)                                                    54 g 

              Boric acid                                                                  27.5g 

             EDTA (0.001M)                                                      10ml (1M stock) 

Components were dissolved in 80ml of de-ionized water. pH was adjusted to 8.0 

with 6N. Final volume was made up to 10 ml, autoclaved and stored at 4
0
C. 0.5X 

was the working solution of TBE buffer. 

2. DNA loading dye (Double Dye)    10ml  

             Bromophenol Blue (0.25% w/v)                                0.025g 

             Xylenecynol FF (0.25% w/v)                                     0.025g 

            Sucrose (40% w/v)  

The components were dissolved in 8.0ml of sterile de-ionized water. pH was 

adjusted to 8.0 and finally volume was made 10ml. Aliquots were made and stored 

at -20
0
C. 

3. DNA staining solution and Ethidium Bromide (10000X) 

            Ethidium Bromide                                                 10ml 

            Sterile de-ionized water                                              1ml 

Note: 

 Working solution for staining gel was made by dissolving 60µl ethidium bromide 

Stock (10mg/ml) in 3000ml of de-ionized water. 

 Stock was stored at 4
0
C 

 Ethidium bromide being highly carcinogenic was handled wearing gloves. 
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Appendix-III (b) 

Table-4: Scoring of molecular markers in TGMS lines based on the 0 and 1 

Primers 
size (bp) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

RM-154 

 

210 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 

 

200 0 1 1 0 1 0 0 1 1 1 1 1 0 0 1 1 1 0 

 

190 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 1 

 

180 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

RM-190 140 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 

 

120 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

110 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 

RM-276 190 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

 

150 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 

 

110 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 

RM-336 190 0 1 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 

 

180 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 

RM-287 310 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

 

210 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

 

125 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 

 

120 1 1 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 

RM-279 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

 

195 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 

 

190 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 

 

180 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

RM-327 210 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 

 

205 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 

RM-324 200 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 

 

195 0 0 0 1 1 0 1 1 0 1 1 1 1 0 0 0 0 0 

 

190 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 

RM-341 180 0 0 0 0 1 0 0 0 1 1 1 1 1 1 0 1 0 1 

 

160 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

140 0 0 0 1 0 1 1 1 0 0 0 0 0 0 1 0 1 0 

RM-166 305 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

300 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

290 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 

RM-418 300 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 

 

295 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 
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RM-335 180 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

 

160 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 

 

140 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

 

110 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 

 

100 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 1 

RM-499 100 0 1 1 0 1 0 0 1 1 0 0 1 0 0 1 1 1 0 

RM-424 300 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 

 

295 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 

RM-592 380 0 0 1 0 0 0 0 1 1 0 1 1 1 1 1 0 1 1 

 

320 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 

 

300 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 

RM-204 200 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 

 

180 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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ABSTRACT 
The present investigation was taken up to evaluate the eighteen TGMS lines for different 

morphological traits and critical sterility/fertility temperature of TGMS lines, the molecular diversity 

analysis was based on the SSR primers of these lines. These eighteen TGMS lines were crossed with four 

testers and identified the best crosses for different yield and yield contributing traits. The field experiment 

conducted with eighteen TGMS lines, seventy two F1’s and four checks in randomized complete block 

design with three replications at the Norman E. Borlaug Crop Research Centre of Govind Ballabh Pant 

University of Agriculture and Technology, Pantnagar during Kharif 2013 and Kharif 2014.   

The Analysis of variance was found significant for all the characters in crosses and line x tester 

effect. For lines all the traits showed significant difference except plant height, percent spikeletes fertility 

and 1000 grain weight and for tester the significant difference showed by the plant height, panicle length, 

spikelet number per panicle, grain number per panicle, percent spikelet fertility and 1000 grain weight. 

Based on the general combining ability among the lines the four lines TGMS-14, TGMS-17, TGMS-10 

and TGMS-18 were best general combiner for number of characters and among the testers Pant Dhan-4, 

Pant Dhan-12 and UPRI-93-287R were good general combiner for different traits. Based on the marker 

association study, among these lines only two lines showed unique band by one marker that were TGMS-

10 and TGMS-17 with 150bp unique band by RM 276 marker. This may be helpful for identification of 

good TGMS lines for number of traits and used in hybrid development for getting higher yield. Based on 

the sca effect and per se performance the common crosses were selected for different traits. The best three 

crosses for grain yield per plant viz. TGMS-14 × Pant Dhan-4, TGMS-9 × Pant DRR Basmati-1 and 

TGMS-16 × UPRI-93-287R these may be used for hybrid development. Based on the standard heterosis 

five economic crosses viz. TGMS-14 × Pant Dhan-4, TGMS-16 × UPRI-93-287R, TGMS-17 × UPRI-93-

287R, TGMS-9 × Pant Basmati-1 and TGMS-14 × UPRI-93-287R  for grain yield per plant was reported 

which showed high sca effect and per se performance. Estimates of variance of general combining ability 

were lower than those of variance of specific combining ability for all the traits showing preponderance of 

non-additive gene action except panicle length and spikelet number per panicle which showed additive 

gene action. High estimates of broad sense heritability coupled with high genetic advance for Spikelet 

number per panicle. For grain yield per plant high heritability coupled with moderate genetic advance 

indicated the scope of getting better recombinants.  

Result on morphological and molecular characterization of TGMS lines showed that, not a single 

line was observed good for all the traits, different lines good for different traits. Among the eighteen 

TGMS lines ten lines viz, TGMS-2, TGMS-3, TGMS-4, TGMS-5, TGMS-7, TGMS-8, TGMS-10, TGMS-

11, TGMS-14 and TGMS-15 showed complete sterility at average temperature 28.53 to 28.92°C. 

Therefore, in Pantnagar situation to get complete sterility these lines should be sown in last week of May. 

These can be used in hybrid development. Based on the molecular genetic diversity data indicated that 

total of 47 alleles were amplified using sixteen SSR markers in the present study of eighteen TGMS lines 

all were found polymorphic except for one marker. The range of alleles was 2 - 5, while the average 

number of alleles per primer was 2.93 and thirteen rare alleles found in different lines. The polymorphic 

information content (PIC) for these sixteen SSR markers ranged from 0.1780 to 0.3750 with mean value 

0.2543. The range of Jaccard’s similarity coefficient was found to vary from 0.46 (TGMS-7 and TGMS-

16) to 0.97 (TGMS-11 and TGMS-12). The UPGMA based dendogram constructed using Jaccard’s 

similarity coefficient of SSR marker data divided eighteen lines into three clusters. Cluster strength varied 

from minimum of two members to maximum of eleven members in different clusters. Clustering patterns 

in general revealed that lines with same morphological traits and spikelet fertility and sterility did not 

occupy the same cluster. The marker based clustering pattern therefore did not show strong correlation 

with morphological data. 
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